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INTRODUCTION 

This final report is submitted as part of the required documentation under 
Contract DAAJ02-74-C-001 8 between the  U.S.   Army Air Mobility Research 
and Development Laboratory,   Fort Lustis,   Virginia (USAAMRDL),   and 
Hughes Helicopters,   Culver City,   California.     Technical effort under this 
contract began in December  1973 and concluded in May  1(,74.     Work done 
under this contract is a continuation of efforts by the Army to improve and 
update  structural design criteria for future helicopters.     This effort was 
preceded by USAAMRDL contracts with four helicopter manufacturers: 
Sikorsky Aircraft Division of United Aircraft Corporation (Reference  ZO), 
Bell Helicopter Company (Reference 21),   The Boeing Company,   Vertol 
Division (Reference 22),   and Hughes Helicopters (Reference 23).     The 
manufacturer of each helicopter type derived a mission profile applicable 
to that type of helicopter.     As a natural  consequence of the independent 
development of fatigue mission profiles  for helicopters over the last 
several decades,   each manufacturer derived the profile from different 
points of view using different analytical techniques.     The major task in 
this project was to integrate these varying approaches to obtain a con- 
sistent method for deriving the mission profile for the six helicopter types 
(observation,   utility,   utility/tactical assault,   attack,   crane,   anci 
transport). 
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TASK I STUDY AND ANALYSIS OF AVAILABLE LITERATURE 

The objective of this task was to survey both civilian and military litera- 
ture to obtain a data bank as the basis for mission profile development, 
evaluation of developed profiles,   and identification of critical segments 
and basic conditions.    Literature has been obtained including Govern- 
ment specifications,   operational data,   and manufacturer's design and 
operational reports.     Several flight load studies,   which may contain data 
applicable to the various tasks of this report, were identified (References 
24 through 30) but could not be obtained in time to be used in this report. 
A total of 38 reports were identified as part of this task.     These are listed 
in the bibliography,   and an abstract of each is given in the  appendix.    A 
summary of the subjects included in each report is given in Table I.    Each 
report is listed across the top of the table by the number corresponding to 
the bibliography.    A dot appears if the referenced report contains data 
applicable to the  subjects listed in the left-hand column. 

mimmHanwOBHmaMmmMmmmAM 



f — "■waSBwr"""!" 

X 1 ""T ! • 1 ~T 0 •    j 1 
[- • —r • 0 

-i •   ' • • 1 1 
 1 

o o o a • ! 
■4 

1 

u- 0 • < • a • •    i   * 

-t •  1 ; e • e • • e • I 

-^ • o • i 

•j 
1 • • • • • 

^J • i • : 1 e • • • • a • • ft                       | 

ii 

£_ ll • 
x<4«4 

>! • 
Tyv 

• • a 

>7 
• • • 

W^V 

• • 
•VSTyyn 

• 

1 ü ^^ 4 ij |»s ^ ■M* s»88 WVi" 
^OT swci«» $»8$ 

xywJ ^82 >s8o8< |>vvw SWJA j^X^ $m W« 
■.-A ■wi mm ■■3 Sxs £^ ̂  % 1X1' Ä ̂ «vQs vyw >^^§ >$?<& <m J»X d ^x^ 
"W IXX? ^vy ̂ AA jyyW W^ Jyw> <xxxx Jvvvy •yyys, ■AvJ Xxxxx> 
yyj <y^ v^^vv^ XX3 Äw xWx^ JÖ0 >wW 

Xwv vwsM «w VVVV1 X^ sXXXXx 

i 1 ̂w^ ̂'Är i P vv i ̂  
M M ^^^ M 

S^ m i m I — ^ 
• 

§ S^ ̂  S^ » 
• • •    1 1    __ 1 

1   c '-J i 
3 
z . 

^] i •! j » « • • • 1 • • • • 
—< 
a: 
H   1 

c 
1     U 

^J 1 • • • • a • 
- 

• • « 
a- i» « < D — i 

X • • i 0 • • • • A « 

u 
0 a 

r- !          1 • 1 « • • • • . *    1 ' 
D 

,     .. •; U40 -. • . • • •    I  • 
if • 1 i •   1 • 1 J • '  i * 1 

Hi 
3 

< 

• • • 1 • •  t • *     i  * 
_ j • • '1 1 0 

•    ' 
■VJ • • •1  1 • .    . 

_ * 
. • • 

O « 1   • 
1 

• • 9  1 • 
7 • • i 

i • • •     ' • 
• 

U 

< 

. 
l~- 0 • ! • • • 
- 

h 
, ir 1       i 1 

i • • 
-T • ■ • 

r 1 
• 1 • • 

l^,4 • • • • 
- • • • j    0 • •' a • 

| 
I z 1 

0 

y. 

n z z z z z z D 
O x < 1 3 

x 5 
.i. 0 } , 0 0 0 < § 

a. 
0 cc ~ r- ^ 1 ■/. 

U, 1 0 = 
< 
X 

< < 
r. 

as 3 1 ^ 

So 2 
3 

< < 
10 ■»• ^ 

_i „J t : u ■J ] H 0 ~ a X 

1 n - 

a m 

H O 

1   ^ 
a 0 

< 1 ,0 ■^ r! 

3 

1 c 

c 

0 

a. 
0 
■j 

a. 
0 

i "^ 
0 

a 

z 
5 1 ^ 

j 0 
0 

Z 

O 

z 
0 

3 

0 

0 

< 

Z 

0 
n 
< 

10 

2 
3 

2 3 
1 n s 

5 0 

1 3a 

H5 

Lin 

H 0 

1 ^ 
< 

1 - 

1 ^ >- 

13 
ß 
1 ■ ^ 

1^2 3: 
•' X Ul 

1.. < 

12 "" 2 

i 

> f i; X a. /. 
>': ■'I 

3 ■j z h 
•1. 1 HU 

-■' 
h ~ t-, 73 '^ 

<   r- 1 ^    ^ 
n I   "■ —■ -- z 

-1: 

05 
< 

r/ 0 z'. 0 •) a. S a 1 X x X « X x X X —• f. ^ H  ?"' h s z 
W I   ~ ^ 

H 
> 

1 

u 
■j 1 to ; < 

Ü 0 

J1- 
Ü 0 
3 ^ 

0 0 
3^ 

0 0 
3'* 

0 0 
3 ^ 

0 
3 \x

< r-- p3 
Ü D b < ■J r 0 a 0 2    « "■ "1J Ui u* 1 ^ U- LO L: 

A. 
■^n—m   11- . *ee rtMMUMWWHWM 



TASK II   -   MISSION PROFILE DEVELOPMENT 

The objective of this task was to develop a standard mission profile in- 
cluding a list of significant flight and ground conditions with a percentage 
of occurrence for each condition and a distribution of airspeed,   altitude, 
and gross weight with load factor for the  six helicopter types.     Mission 
segment time percentages were determined by using the operational data 
to the fullest extent possible.    The operational    ata,   in conjunction with 
the manufacturers' design and operational stuces,  were used co distribute 
time at the basic condition level.    As pointed out in all the design and oper- 
ational studies,   the operational data were open to various interpretations. 
The design spectra and the methods of interpretation of the operational 
data used by each manufacturer were studied.     To eliminate inconsis- 
tencies and contradictions between different manufacturers,   these spectra 
and methods were modified as necessary based on conversations with 
manufacturers' representatives and this contractor's experience.    Are?s 
which required such modification or interpretation are  noted,   and the 
consequences are explained in the detailed description which follows. 

MISSION SEGMENTS 

The first step in developing the  standard mission profile was Lo rigorously 
define meaningful mission segments among which the operational data 
could be divided.     Six segments were defined as follows: 

1. Ground Conditions.     This segment includes al)  conditions that 
are conducted on the ground.     All these conditions will have low 
engine torque values and zero rate of descent.     This segment 
does not include takeoff and landing. 

2. Takeoff,   Landing,   and Low-Speed Flight Conditions.    This seg- 
ment includes all flight conditions that are conducted below 40 
knots except autorotation landings. 

3. Ascent Conditions.     This segment includes any condition which 
has a sustained rate of climb greater than 300 fpm and an air- 
speed greater than 40 knots.    AH maneuvers initiated from these 
conditions are also part of this segment. 

4. Forward Flight Conditions.    This segment consists of all flight 
conditions and maneuvers initiated from those conditions which 
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are conducted at airspeeds greater than 40 knots and have neither 
a sustained rate of climb nor a descent rate greater than 300 t'pm. 

5. Descent Conditions.     This segment covers all powered flight con- 
ditions and maneuvers initiated from those conditions which 
have a sustained rate of descent greater than 300 fpm and an 
airspeed greater than 40 knots. 

6. Autorotation Conditions.    Included in this  segment are all power- 
off flight conditions and maneuvers initiated from a power-off 
condition (includes power recovery).     A flight condition enters 
the regime of this  segment at. the instant of power loss. 

These segments were chosen primarily on the basis that each has a notably 
different fatigue damage rate due to the amount of power required or the 
unusual airflow associated with transition between hover and forward flight. 
The definitions are intended to eliminate any a.mbiguity in the process of 
editing operational data and to facilitate use of data already collected.    One 
of the main distinctions of these mission segments,   compared to those 
used previously,   is that these do not include a separate maneuver segment. 
This is done in recognition of the fact that maneuvers occur in all phases 
of flight.    The broad distribution of the maneuver segment in the opera- 
tional data over rate of climb (e.g. ,   Reference 19,   page Z8,   Figure 9b) 
shows that maneuvers occur in all segments.    Operational data were sepa- 
rated into these six segments using the toro^a,   airspeed,   and rate-of- 
climb histograms,  where available.    A priority of parameters was estab- 
lished according to the definitions above.     That is,   the time in a given 
segment of operational data was divided among the six standard segments 
by first deducting the amount in autorotation (defined here as less than 10 
percent torque),  followed by deducting the portion below 40 knots,  and Ihen 
the remainder of the operational segment was divided equally among ascent, 
descent,  and forward flight.    This was done for all references which pre- 
sented data in this form.    The operational data which did not have all the 
necessary histograms or were in a three-segment presentation required 
modification of this technique and assumptions that missing data followed 
trends similar to the other data on the same type of helicopter.    The opera- 
tional reports did not cover grrand conditions.    A value of 4 percent was 
assigned for ground conditions based on the number of takeoffs and landings 
given for some of the helicopter types in the operational data.    The results 
of this step are shown in Figure 1 for each helicopter type.    These six seg- 
ments will be referred to as "the standard segments" throughout this report. 
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BASIC CONDITIONS 

The second step in developing a standard profile was to create a list of 
basic conditions.     AM the design and operational reports (References ZO 
through 23),   as well as  AR-^b (Reference   1), CAM-6  (Reference 2),   and 
AMCP 706-20 5 (Reference  3),   were used to compile this list.     Further, 
the lists of proposed  standard mission segments and basic conditions 
occurring in each segment were taken to Boeing - Vertol,   Sikorsky,   Kaman 
Corporation,   Technology Inc. ,   and Bell to discuss their completeness and 
app'icability for use  in developing a fatigue  survey  spectrum.     All of these 
comoanies had favorable comments on the  standard mission segments. 
Suggestions were made to add some basic conditions and to delete others 
from  some  segments.     Generally,   deleted conditions were those which did 
not apply to certain segments.     For example,   control  reversals were de- 
leted from the ascent,   descent,   and autorotation segments.     The resulting 
basic condition list is shown in the left-hand column of Table II.     Fach 
basic condition may encompass several detailed flight conditions.     For 
example,   the turn condition which appears in segments 2 through 6 may 
encompass  right,   left,   S,   and steep turns with varying rates of entry and 
recovery,   (To achieve a profile in such detail is beyond the scope of this 
program.) 

SUBDIVISION OF SEGMENTS 

Segments 2 through 5 were divided into a time portion covering steady con- 
ditions and a time portion for maneuvering conditions.     The time for the 
six standard segments was accumulated from  contributions from  each of 
the four operational segments based on rate of climb,   pov/er,   and air- 
speed.     According to the  segment definitions of the operational data,   the 
maneuver portion of any  standard segment could have come from the 
maneuver,   ascent,   or descent operational segments.     This overlap makes 
the operational data impossible to interpret precisely.     Each manufacturer 
preparing References 20 through 2^ handled this problem  somewhat dif- 
ferently,   each recognizing that a judgment was  required.    No consist- 
ent interpretation of the operational data could be achieved for this pur- 
pose.    It was clear that much of the rmmeuvering during takeoff and landing 
(Segment 2) was included in the ascent or descent operational segment, 
although in widely varying amounts from one type of helicopter to another. 
The maneuver portion of Segment 2 was determined using varying amounts 
of time from the operational ascent and descent segments depending on 
times given in the manufacturer's design spectrum and judgment based on 
comparing the  six missions.     The utility and the utility/tactical assault 
helicopters had very limited operational data in a form usable for deter- 
mining the maneuver portion of the segments.     The other segments  showed 
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a reasonable relationship to each other and to the design spectrum using 
just the time from the operational maneuver segment. 

The data that were available for the utility/tactical assault helicopter (Ref- 
erences  11 and 14) were contradictory.     Reference  14 showed 54 percent 
for the maneuver segment,  while  Reference  11   showed  i2.19 percent,    A 
value of 40 oercent was felt to be a representative amount for this type of 
helicopter,  a.e the  12.19 percent in Reference 11 does not appear t^ be 
realistic.     There were no rate-of-climb histograms available for other than 
the steady segment,   in these  reports.     Reference  18 was used as the most 
representative for rate-o:1-climb data.     This resulted in segment percentages 
comparing very well with  other helicopter types for standard Segments 3 
through 5.     However,   the takeoff,   landing,   and low-speed segments had a 
considerably lower percentage of occunence than all other types.     This 
is a result,   as discussed above,   of takeeffs and landings being included in 
the operational ascent and descent segments.     There were no design and 
operational reports available for the utility/tactical assault type or the 
utility type discussed below.     Because of this lack of data,   a value between 
the attack and observation types of 65 percent was estimated for the maneuver 
portion of standard Segment 2.     This is based on the number of takeoffs and 
landings that this type of vehicle would be expected to make  in hostile areas. 

The data available for the utility helicopter was also very limited.    Al- 
though there are a comparatively large number of reports dealing with 
the utility helicopter,  all of those available were done prior to 1966.    The 
data from Reference IS were used to calculate the portion of each standard 
segment spent maneuvering.     This  resulted in values below all other heli- 
copter types for Segments 2 through 5.     Clearly,   this is Tut of line with the 
utility mission.     This is a result of the value of only 1 percent given to the 
maneuver segment in Reference  18.    Values were assigned for the maneuver 
percentages for the standard segments below the values for the attack and 
utility/tactical assault helicopters,  and above the crane and transport values. 
The takeoff and landing segment was given a value greater than that for the 
attack helicopter,   reflecting the increased activity during takeoff and landing 
and the similarity to the observation and utility/tactical assault types for the 
segment.     The values resulting from this discussion are shown in Figure 2. 
Segment 6 is discussed separately later in this task. 
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SEPAR ATLON OF LOAD-F ACTOR-PRODU TING CONDITIONS 

An attempt was made to further break down the maneuver portions obtained 
above into load-factor-p'-oducing maneuvers and maneuvers not producing 
load factor.     Most of the operational reports contain load factor peak tables 
and exceedance curves.    In order to use these data to accomplish this break- 
down,   a number of assumptions were made.     Since the tables do not deal 
with individual segments,   a distribution of peaks an ong the  segments was 
assumed.     The data are given in terms of load facto •• peaks;   therefore,   a 
maneuver duration time was assumed to convert to time units.     Values 
of maneuver durations for the various basic conditions are presented in 
Table III.     Assumptions of this type were made usin •; the most conserva- 
tive durations for the attack data (Reference  16).     Tue times obtained for 
load-factor-producing conditions were fc.r les'   than tue design spectrvim. 
This approach was dropped as a method of determini"'., the load-fac'   r- 
producing portion of the segments.     The load factor peak curves and tables 
were,   however,   used to determine the distribution of load factor with 
gross weight,   altitude,   and airspeed.     This is discussed later in this 
task. 

BASIC CONDITION PERCENTAGE OF OCCURRENCE 

Instead of the above,   a more conservative and straightforward approach 
was adopted using the design spectrum proportions to obtain a first cut at 
basic condition percentages for the maneuver and steady categories of 
each segment.     Some basic conditions were not included by  some manu- 
factarers; percentages were estimated for these based on comparison with 
other spectra,   AR-56,   and experience.     Basic condition percentages were 
obtained for each helicopter type for which there was a design spectrum 
available.     Design spectra were not available for the utility or utility/ 
tactical assault helicopters.     In order to provide a guide for these two,   as 
well as to arbft-ratc the tendency of different manufacturers to accent one 
condition more :han others,   the perc jntage of occurrence figures were 
tabulated for each of the six types for each basic condition.     This pointed 
out a large number of difference? in the takeoff and landing segment and 
the autorotation segment with only a few differences in the other segments. 

Segment 2 was treated by normalizing the basic condition percentage of 
occurrences to account for differences in segment time.     These were 
plotted on a single graph to obtain a visual conception of the relative mag- 
nitudes for the different helicopter types.     These were then modified based 
on a comparison of the mission assigned to each type helicopter. 
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Segment 6 is primarily a training exercise and not. directly related to the 
mission assigned.     This supports the conclusion that the basic conditions 
should have the same proportion of the segment regardless of helicopter 
type.     A single or dual powerplant is the predominant factor governing the 
time for the entire segment.     Multiengine aircraft will rarely do full auto- 
rotations,   even in practice.     It is concluded that the autorotation segment 
percentages should be the same for all types; however,   for multiengine 
aircraft,   these conditions are performed with one engine on.     The auto- 
rotation segment time was taken as the average of the time at less than 
10 percent torqut for all types.     The distribution of this time among the 
basic conditions was determined using an average of all the design spec- 
tra,  AMCP 706-203.  AR-56, and CAM-6. 

The distribution among the basic conditions of Segment 1 was handled in a 
similar manner.     The percentages of occurrences obtained from this 
approach are presented in Table II. 

DISTRIBUTION OF LOAD FACTOR WITH AIRSPEED,  GROSS WEIGHT, 
AND ALTITUDE    " "   '   --■-■-   -        - ■  

Load factor distributions with airspeed,   gross weight,   and altitude are 
presented in Figures  3 through 20.     These data represent composites of 
data currently available from published reports of flight loads surveys 
during test and operational usage of various types of helicopters.     The 
distributions are indicative of either a combat environment or a peacetime 
environment,   and in some instances,  a composite of both environments. 
The available reports were grouped according to the six types of helicop- 
ters.     From each group of reportSj   a composite percentage of load factor 
peaks was compiled for each type.     The load factor values were normalized 
to a load factor ratio in terms of delta peak load factor/delta limit load 
factor (AN^/ANj^).    Delta limit load factor was defined as the design limit 
value minus  lg (Nj^ -1) at maximum design gross weight.    For example, 
a peak load factor of 1.60g at a design limit value of 2.0g would correspond 
to a load factor ratio of +0.6 (ANz/AN^ = (1.6 -l)/(2-l)).    For those load 
factor ratio ranges where no percentage values are indicatedj   either no 
peaks occurred or no data were available.    The available flight loads re- 
ports lacked data near the  1.0g level.    Occurrence of load factor peaks 
approaches infinity for load factors near the  lg level.     This is signified by 
the vertical dashed lines on the load factor-airspeed distribution curves. 
For data editing purposes during these studies,   threshold values of 0.85g 
and  1.15g were established and all peaks occurring between these values 
were ignored. 

The load factor-airspeed distributions for each type were separated into a 
different distribution for each range of airspeed,   where airspeed is pre- 
sented in terms of percent Vt^.    An attempt was made to present airspeed 
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ranges which corresponded as closely as possible to the increments pre- 
sented in the standard mission segments; however,   the increments shown 
were dictated somewhat by the increments presented in the reports used 
to compile these distributions. 

The load factor-gross weight distributions are presented in terms of per- 
centage of load factor peaks in ranges of gross weight ratios.    Gross 
weight ratio was defined as gross weight divided by maximum design 
gross weight.     Values of maximum  design gross weight were obtained 
from the vehicle characteristics for each helicopter type as presented in 
the available literature.     The ratios v/ere broken into segments corre- 
sponding to a low,   mid,   and high gross weight for each type of vehicle. 
Again,   the increments presented v/ere dictated by the available data used 
to compile the distributions and the maximum  design gross weights of the 
types of helicopter surveyed. 

The load factor-altitude distributions are  similar in format to the gross 
weight distributions except that they are plotter] against altitude ranges ex- 
pressed in feet. 

To establish the gross weight and altitude distributions with load factor, 
a percentage.was determined for each load factor increment based on the 
distribution shown in the "total" rolumn of the "load   factor-tip speed ratio" 
tables in the operational data (e. g. ,   Reference   19,   Figure  14,   page 36). 
This percentage for each load factor level was distributed in the  same 
ratio as the percentage of total time in each gross weight and altitude range. 
As an example,   for the observation helicopter,   the average percentage of 
load factor peaks in the AN^/ANj^ range of 0.13 to 0.19 was 43.0 percent 
over the total airspeed range.     The gross weight distribution for the ob- 
servation helicopter indicated that 66.6 percent of the time was  spent in a 
mid   gross weight range corresponding to a GW/MDGW ratio of 0.74 to 
0.89.     Therefore,   the percentage of load factor peaks in the AN^/ANj^ 
range of 0.13 to 0.19 for gross weight ratios between 0.74 and 0.89 was 
determined to be 0.666 X 43.0 - 28.6 percent.     This approach produces a 
gross weight and altitude distribution with load factor that is independent 
of airspeed.    In most cases,   the percentage of load factor peaks in a 
given AN^/ANT    range did not vary significantly with airspeed for a given 
helicopter type. 

Distributions of load factor with center of gravity were not determined 
because of the lack of available data.     Previously published reports have 
not approached the subject of load factor distributions as a function of 
center of gravity.     During most manufacturers' flight loads surveys,   tests 
are conducted at whatever center of gravity position is determined to be 
the most critical for the condition being tested. 
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PROFILE COMPARISON BY  TYPE OF MISSION 

The  standard mission profiles presented in this report cover  six types of 
helicopter missions.     For the most part,   each mission type is distinct, 
although there is  some overlap in capahilities and assignments.     These 
missions are reflected in the profile for each helicopter  type,   and the dif- 
ferences may be  seen by comparing the segment percentages,   the portion 
of the  segments in maneuvering,   and the basic condition percentages of 
occurrence. 

Figure  1  shows the mission  segment percentages for each helicopter type. 
At this level,   there is not much difference between the types.     The greatest 
variation occurs in the takeoff,   landing,   and low-speed segment.     The 
crane and transport helicopters are highest in this  segment.     This indi- 
cates a predominance of short flights or prolonged activity at takeoff and 
landing zones.     The attack and utility/tactical assault types were lowest 
in the takeoff and landing segments.    This indicates that these types are 
primarily employed for patrol and offensive missions and do not spend 
much time at takeoff and landing zones.     The high percentage for the attack 
mission in the descent segment is indicative of the increased amount of 
diving done by an attack helicopter. 

Figure Z shows the segment time percentage  spent in maneuvering condi- 
tions for each helicopter type.     This figure  shows major differences be- 
tween the types.     These differences are particularly  significant because 
maneuvers have a strong effect on fatigue life.     Each helicopter mission 
is described by the  shape of the curve.     For example,   the crane and trans- 
port helicopters  spend a good part of their time in Segment Z maneuvering, 
with little maneuvering at speeds above 40 knots.     This indicates that their 
maneuvering is associated with takeoff,   landing,   and low-speed operations 
probably connected with load/passenger pickup and release.     Time above 
40 knots is mostly straight and level flight to destination.     In contrast is the 
attack mission curve,   indicating maneuvering only as necessary for take- 
off and landing at low speed with concentrated maneuvering above 40 knots, 
especially in ascent and descent.     This is indicative of gunnery and evasive 
maneuvers.     The other helicopter types have intermediate values for 
maneuvers reflecting the  severity of their missions in each segment.     The 
observation mission curve shows a high concentration of maneuvering in 
the low-speed segment.     This may be a result of the requirement for com- 
manders to observe activity at several hot spots in the  same vicinity and 
possibly to dodge fire while  loitering over one location. 

The preceding paragraph discusses the amount of maneuvering done in 
each segment.     The types of maneuvers performed are also very important. 
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The distribution of time amonj» maneuverinii conditions and steady condi- 
tions within the segment is  shown by the percentages of occurrence  in 
Table II.     Looking at Segment I,   it may be;  seen that the observation heli- 
copter performs a large number of turns in low-speed flight and a high 
percentage in the fla.re condition.     These maneuvers would be performed 
to observe ground activity from  various vantage points.     On the other 
hand,   the crane spends over 6 percent of its life in a   steady hover.     This 
would occur while loads are being picked up or  released.     The attack  heli- 
copter has the highest percentage for pop-ups..   which would be performed 
when the helicopter pops up vertically from behind cover to fire and re- 
turns to cover.     Some conditions occur  so rarely that they have been given 
zero percentage of occurrence for some helicopter types; i. e. ,   ascending 
pushovers for both the crane and transport. 

It is clear from the discussion in the preceding paragraphs that the basic 
condition percentages of occurrence are closely  related to the mission. 
Missions not covered or expanded missions,   which may be flovn by future 
helicopters,   will require modification to the basic condition percentages 
of occurrence.    Modification to the airspeed,   gross weight,   and altitude 
distributions with load factor may also be necessary.     However,   this is 
not recommended without additional data because distributions are given 
in terms of design capability (Vu,   NT ,   BSDWG,   etc) and only determine 
distribution of basic condition time,   not magnitude.     The value for each 
basic condition percentage of occurrence may be estimated by comparing 
the new mission to the  six shown.     These estimates would then need to be 
normalized so that each segment totals to the same value as the helicopter 
profile most   closely related to the new mission. 

LOAD FACTOR DISTRIBUTION COMPARISON BY MISSION TYPE 

Observation 

The load factor-airspeed distribution for the observation helicopter indi- 
cates that the highest and  lowest load factor levels  (AN^/ANLJ are attained 
in the mid airspeed ranges (46 to 61  percent VJ_J).     As the extremes of the 
airspeed spectrum are approached,   the load factor envelope,   indicated by 
the width of the histogram,   decreases and the percentage values for a 
given AN^/AN-j^ level decrease.    However,   the percentage values for 
maximum load factor peaks are apparently greater at the higher airspeeds 
than at the lower airspeeds. 

The load factor-gross weight distribution indicates that the greatest per- 
centage of load factor peaks occur in the mid gross weight rangej   and more 
peaks occur at the higher gross weight than at the lower j'ross weight. 
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The greatest percentage of load factor peaks occur in the mid altitude 
range of 2000 to 4000 feet. 

Utility 

For the utility helicopter,   the distribution of load factor peaks with air- 
speed did not vary significantly throughout the airspeed spectrum.    The 
only apparent difference occurs in the 60 to 80 percent VJ_J airspeed range, 
where a greater number of minimum peaks occur than in the other air- 
speed ranges.     Note that these minimum peaks represent a small per- 
centage of the total in the  60 to 80 percent VJLJ range. 

The load factor-gross weight distribution indicates that the greatest per- 
centage of load factor peaks occurred in th'   mid and high gross weight 
ranges.    For a given range of AN^/ANj^,  the percentage of peaks in the 
mid gross weight range was only slightly greater than the values for the 
high gross weight range. 

The load factor-altitude distributions indicate that the greatest number of 
load factor peaks occurred in the mid-altitude range (2000 to 5000 feet)«. 
The percentage values in this range were significantly greater than for any 
other altitude range. 

Utility/Tactical Assault 

The distribution of load factor peaks with airspeed for the utility/tactical 
assault helicopter remains  relatively constant throughout the airspeed 
spectrum; i. e. ,   the percentage of load factor peaks for a given AN^/ANT 

range between 0 and 0.6 does not vary significantly.   The lowest (minimum) 
load factor values occur in the 55 to 74 percent Vpj range.     However,   in 
terms of percentage of peaks,   they represent a very small portion of the 
total load factor spectrum. 

The load factor-gross weight distribution indicates that the greatest per- 
centage of load factor peaks occurred in the mid and high gross weight 
range.    The percentage values in the lower gross weight range were con- 
siderably less than the values in the upper ranges. 

The distribution of load factor peaks with altitude shows a gradual increase 
in the percentage values for a given AN^/ANT   range as the altitude in- 
creases.    However,   at the high-altitude range (>5000 feet),   the percent- 
age values drop off considerably. 
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Attack 

As indicated by the load factor-airspeed distribution for the attack heli- 
copter,   the range and magnitude of the load factor peaks are  significantly 
greater than for the other helicopter types.     The greatest range of AN^/ 
ANL values occurs in the  56 to 70 percent VJ_J airspeed range.     However, 
the greatest percentage of peaks in the higher load factor ranges occurred 
at slightly higher  speeds,   the TD to 84 percent  Vj^ range.     The 70 to 84 
percent Vj-j airspeed segment contains the largest percentages of load 
factor peaks in the upper ranges of AN^/ANL.     The percentage values 
vary from approximately 27 percent of the peaks in the 0.14 tc 0.Z1 
AN^/ANL range to 4 percent of the peaks in the 0.84 to 0.98 AN^/ANj^ 
range,   with the other load factor levels varying between these two values. 
The 84 to 98 percent V^j airspeed range hf.s an even distribution of high 
load factor peaks. 

The load factor-gross weight distribution indicates that a minimal percent- 
age of load factor peaks occur in the low gross weight range (GW/MDGW 
<0.74).     The mid gross weight range extends to a relatively high value of 
GW/MDGW (0.95) due to the  ranges for which data were available from 
the operational studies.    The operational studies indicated that a large 
amount of total flight time was  spent at the higher gross weights,  and there- 
fore the percentages of load factor peaks were correspondingly higher at 
the upper gross weights. 

The load factor-altitude distribution shows that the highest percentages of 
load factor peaks occurred in the 2000- to 5000-foot altitude range.    The 
lowest percentage of peaks occurred in the range of 5000 to 10,000 feet and 
greater than 10,000 feet. 

Crane 

The single feature of the load factor-airspeed distribution that is most 
apparent for the crane helicopter   is the narrow range of AN^/ANj^ in 
which the load factor peaks occurred.    The percentages of load factor 
peaks in the range of -0.4 to +0.4 AN^/ANj^  are significantly higher than 
the values for the other helicopter types.     For each airspeed range,   over 
80 percent of the total number of load factor peaks occurred between 
AN^/ANL values of ±0.16 and 0.24.    Note that this does not include unre- 
corded peaks occurring between AN^/ANL values of -0.15 and +0.15. 

The load factor-gross weight distribution for the crane helicopter indicates 
that the lowest percentages of load factor peaks occurred in the mid gross 
weight range.    The greatest percentage of peaks occurred in the low gross 
weight range (GW/MDGW<0.71). 
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The  load  tactor-altitudc distribution shows that the highest percentages of 
load factor peaks occurred in the  Z000- to ^OOO-foot altitude  range.    The 
second highest percentages occurred in the upper altitude  range  (5000 to 
10,000 feet),   although the values were considerably less than those in the 
2000- to 5000-foot range. 

Transport 

For the transport helicopter,   the distribution of load factor peaks with 
airspeed does not vary significantly throughout the airspeed spectrum. 
Also,   the magnitudes of the load factor peaks,   as indicated by the width 
of the ANV/ANL, band for each airspeed range,   are not excessive.     They 
compare quite closely with the values shown for the crane helicopter.    As 
in the  case of the crane helicopter,   over 80 percent of the total load factor 
peaks in each airspeed range occurred between AN^/ANj^ values of ±0.15 
and 0,23.    Again,   this does not include the unrecorded peaks occurring be- 
tween AN^/ANL values of -0.15 and   '0.15. 

The  load factor-gross weight distribution for the transport helicopter in- 
dicates that the greatest number of load factor peaks occurs in the low 
gross weight range.     Only a very small percentage of load factor peaks at 
any given ANy/ANr   level occur in the GW/MDGW  range greater than 
O.'U. 

The transport helicopter incurred the greatest percentages of load factor 
peaks  in the mid altitude range of 2000 to 5000 feet.     The percentage dis- 
tribution of peaks in the remaining altitude ranges remained relatively 
constant.     The percentage of peaks occurring in the altitude range greater 
than  10,000 feet is  negligible. 
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TASK III [•:VALU ATION Ui-   DKVKl.OPKD MISSION PROFILES 

DIFFLRF.NCKS BKjAV LEN  m^'.-SK ,X^A^ ;) ^'i M;!!^ Al :( )\A ! .  DATA 

Table IV presents a peal-; value  romparison   n dt'si.-M am!  ''peral'ional flight 
loads parameters,   showing; the  major H i:: C rcii« >■ .    i'twuen model  specifica- 
tion and actual  utilization data.      i he dala   -■: ".vn ■.■. • IT- ohlaincd from  :<er- 
erences 10 through 1^ and arc apnlit a'dt- [<■ the oi -'-rvaLion,   attack,   crane, 
and transport helicopters.     Model   spei ifuation dala were not, as'ailable for 
the utility and utility/tactical as-ault Lyp*1 hflicoptcrs. 

The flight loads parameters cuveffd on the table arc airspeed,   vertical 
acceleration,   engine power,    rpm,   and  .ro:-.- wei^l.t.     Control positions 
are not Included inasmuch as the dosign limiting characteristics exis1 as 
physical stops and not as flight manual limitations that can be exceeded. 
Some t^aps exist on the table because the  reference material does not 
show data for all of the flight loads parameters. 

Tables V through IX list the  limiting  factors which  Influence the magnitude 
of the  flit^ht load parameter peak  values.      Fach table  represents a  single 
parameter and Includes the  limiting factors by  helicopter type.     Two 
general limiting factors which would have a major  effect on the opera- 
tional peak  values of all the parameters arc not included on the table but 
are discussed In the paragraphs which follow. 

The degree to which the operational data were  biased by  the pilots because 
they knew they were being monitored  Is unknown.     An unbiased sample,   if 
such were possible,   would be of greater  value.      The overall effect of this 
factor would be to cause the operational peaks to be lower than the corre- 
sponding design peak values. 

The other general limiting factor  relates to the tactical procedures em- 
ployed In the theater of operation associated with the data  sample.     This 
factor could cause the operational peaks to be either higher or lower than 
design limits as the following examples  show. 

High-speed dives were employed only  sparingly by the attack helicopter. 
Table IV  shows the attack  helicopter operational peak airspeed to be con- 
siderably less than the maximum  design value.     Conversely,   the crane 
helicopters Involved in the operational data   sample flew a   significant num- 
ber of missions at gross weights  greater than the design maximum   (refer 
to Table IV). 
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■IABU-; v.    MMiriNc; FAcrrous wiiu:ii iM-M.ri-iXc 
'iiiK MACiMi ri)!': OF Pi-;Ai; VAFFFS-, 

LOAD PARAMF1 FR:    AIR.S.VJFF1) 

CmSFRVATIOF    (Ri-fer.-nct. ?. M 

1. Filol visual cliU'S  (c u. ,   hiuh  ratr of rlrsccnl) 

2. HflrcaUnu blarlf lip stall/rolnr  sysinr, design 

• Noise 
• Some  pilch-up 
• X'ibration 

3. Structural/tanopy di'sicn  (at  low rlcnsiiy altiluflt-s! 

A'T TACK    (Rel't.rfnct' 21) 

1. Pilot visual elufs  (i1. u. ,   sleep dive anulr,   tlosnrc   speed 

2, Reaction lime  for rrvovery  from engine  faihire 

i.     V i h r a lion 

4. Recovery constraints 

CRANF    (Redereriee  20) 

1.      Pilot visual  clues   (e, u. ,    severe  nose-dov.n attitudes) 

TRANSPORT    (Reference 22) 

1.     Cockpit vibration 

Operational peak airspeeds for the crane and transport helicopters ex- 
ceeded the desiiin maximum   values,   whereas the airspeeds attained by 
the observation and attack helicopters were less than the model  specifica- 
tion limits.     This can be attributed to the stronger influence imposed on 
airspeed by the limiting factors for the observation and attack types as 
shown on Table  V,   and the operational environment and tactics used in the 

c i) m 1) a t s i tu a t i o n. 

The   vertical  acceleration  (load factor) data presented in   Table IV  shows 
that all  four helicopter types operated within the design  load factor  enve- 
lopes.     The limiting factors for  vertical acceleration apparently exert a 

very   strong effect. 
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ÜÜSCRVA L'lOX    (Kcf.-r.'iu ,• i •'.) 

MLiiimuni  Load  I'uctor 

|           1.     Pilot physical t lues 

MaxLnuini   I.oari  l-'actor 

1.     lJi lot physical chics 

Z.      Rd rr.it Lni»  blade 1 ip -lal 

•        ?S () i S ' ■ 

•   Son ic  pi t ch - ", j) 
•   Vibration 

3.     Hank an.^lr  i ii Hi rn.^ 

|    ATTACK    (Hftcrcnc- 21) 

Minimum   1 oad   Factor 

1 .      Id lot phys ic al  c hies 

|           Maximuir,   l.oad   Factor 

|           1 .     tiont rol  feedback  forces 

Z.     Hotoi- Kysteni tlesiiji, 

I'he  engine power  data  are  inconclusive  for two  !'easons.      'he desisin and 
operational   reports  (Feiereiu es  i'l  .nui  11)   for  crane .tnd  transport   heli- 
copters do not address enLune pov.'er,   and the  fliühl  loads   im'csf lnation data 
for the ooservalion and attack htdicuptor:-; do nut present, tihsolvitf max"- 
iTiurns.     Tins hitler problem  of presenting operational data  in  ranees in- 
stead of peak values has been critici/.ed in earlier efforts and will not be 
pursued further   in this   report. 

Rotor   rpm was generally controlled within the design limits durint; oper- 
ation.     Some question was  raised by  the author of Reference   5fl  reeardinj, 
the validity of the crane operational  rotor  speed data.     Refer to Reference 
10 for a detailed discussion of rotor speed comparions. 
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{     TABLE VII.     LIMITING  FACTORS WHICH IXKl. ENC 1 
THE MACMTl J3E OF PEAK  VAI.. 'ES; 
LOAD PARAMETER:   ENGINE TO ^.Ul'E PR ES SI ;RE 

OBSERVATION    (Reference 23) 

1.     Hijih collcL-tivi'  position 

2.     Rpm blccfloff/rt.u'Liu' power availahli' 

\                                                                                             l' 
ATTACK    ([UT.Tcncr 21) 

1.     Fngiru' power available' 

TABLE VIII.      LIMITING   FACTORS WHICH INF ET i::NC F 
THE MAGNITUDE OF PEAK  VALUES; 
LOAD PARAMF/1 KR:   RPM 

OBSERVATION    (Reffrmco 23) 

Minimum RPM 

1.     High collective download  (autorotat ion); occurs at hi^h pross 
weights  and airspeeds 

Maximum  RPM 

1.     Tail  rotor  noise/tail  roto r des ign 

2. Advancing blade tip Mach  number  (drag   rise)   in  extreme cases 
only/rotor system design 

3. Transmission noise/transmission design 

TABLE IX.     LIMITING  FACTORS WHICH INFLUENCE 

THE MAGNITUDE OF PEAK VALUES; 
LOAD PARAMETER:   GROSS WEIGHT 

CRANE    (Reference 20) 

1.     High cockpit vibration 

tibmtm 
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The limiting iactors which influenced gross weight were not sufficiently 
effective to discourage operation at gross weights greater than the design 
maximum for all helicopter types.     The consensus from the reference 
material  is that the pilots tended to take   off at whatever gross weight 
could be lifted. 

This effort was hindered by the lack of data shown in the design and oper- 
ational  studies for the  four  helicopter types  (References 20 through  2J). 
Tables IV through IX   reflect this  situation.     At the time that the proposal 
was generated for this  study,   this contractor had only his design and oper- 
ational  study (Reference 2 5) in hand and assumed that the content of the 
other three  studies would be  similar.     A  review  of those documents   showed 
that this was not the case. 

COM PAR ATI VK REALISM F. VALUATION OF DKVELOPED PROFILES 

The realism of the  six mission profiles developed in Task II can be evalu- 
ated by comparing them  to the profiles presented in References   1 through 
3.     The profiles presented in References   1  through  3 were not compatible 
with the developed profiles of Task II,   in that the basic conditions and mis- 
sion segments varied.     Therefore,   to allow direct comparison of percentage 
of occurrence values,   the basic conditions of CAM-6,   AR-56,   and AMCP 
706-203 were broken down into conditions compatible with the developed 
profiles,   and the percentage of occurrence values were redistributed.    Only 
four of the profiles from AR-5b (Reference   1) were directly applicable: 
the utility,   attack,   crane,   and transport helicopter types.    Therefore,   the 
developed profiles for these four types of helicopters are compared to 
those from AR-56  in addition to the general profiles of CAM-6 and AMCP 
706-203.     These profiles are presented in Table  X.     A comparative discus- 
sion of each mission segment is presented in the following paragraphs. 

1.      Ground Operations.     The percentage values assigned to ground 
operations  in the developed profiles are greater than the values 
friiiii References  1 and 2.     The reference profiles considered 
ground conditions very generally,   and it was difficult to establish 
precisely what was classified as a ground condition.     When the 
percentage values assigned to ground conditions as shown in the 
referenced profiles were distributed among the conditions  of the 
developed profile,   they seemed to be too low,   especially if con- 
verted to units of flight time.     The values of Reference  3 seem 
slightly high.     Hence the values assigned to ground operations for 
the developed profiles were felt to be the most realistic. 
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1.      Takerff,    Landinu,   and   Lew-Spml   i-TJuht.     'Thv dovelopt'd profiler 
for tin1 four h'dirt-pti r  tym's  in Talih1 X S-.MW mission pfumml values 

which comjiart'  reasonably v.'tdl with thv values of  Referctices  ^ 
and   ^.     However,   the   .wines from   AH-^f   (Reference   1) are con- 
siderably Ir.^her  inan those of the du\'eloped profiles,   especially 
for the etility and attack ivpe helicopters.     At 11 •■ basic- conclilion 
Level,   tin.   greatest  differences appeiir  in ; ae values rissiuned to 
steady  hover.     Heali/ar.-.: that the lielicop'• r' s ability to hover is 
a unique feature over other typ"s "f air v 'hides,   the developed 
profiles  indicate  thai  not  as  uaicli tiiiie  i-   .-pi'nt   in a   steady hover 
as indicated b\   previous  profiler.     In mu-t  helicopter operations, 
steady  ho\'er is a momentar\   flight  condition occurring prior !o 
the transition from  takeoff to forward flbj'it.      liie exceptions are 
helicopters involved in load-liftina operations (crane) and  sta- 

tionary weapons delivery  (attack1). 

i.       Ascent  Conditions.     As  reflected  in the percentage of occurrence 
values,   more time was allotted to ascent conditions for the de- 
veloped profiles  than   in the   reference  profiles.      biased  on the 

operational  reports,   it v.is determined that more time was spent 
in ascent conditions than indicated by initial design profiles. 
When the percentage  values are converted to flight time values 
for a   given  flight  period,   the  values  for the developed profiles 
are more realistic than the referenced profile values. 

4. Forward  Fl ight  Conditions.      The percentage of occurrence values 
assigned to forward  flight conditions compare   reasonably well for 
all  of the developed profiles and the   reference design profiles. 
However,   the  developed profile  valc.es  indicate   slightly  less time 
spent in the forward flight mission  seiutient than  indicated by the 
profiles.     The greatest  differences  occur   in the  steady  level 
flight and forward  flight   turns basic  conditions.     The developed 
profiles  show less time  spent   in  steady  level  flight  and more 
time spent  in turns.     After analysis  of the data in the operational 
reports,   the  percentage  values  for the developed  profiles  are 
considered to be  more   realistic-. 

5. Descent Conditicns. The percentage of occurrence values as- 
signed to the descent mission segment are comparable between 
the referenced profiles and the developed profiles, with the de- 
veloped profile values being only slightly greater. The largest 
difference occurs for the attack helicopter, where more time is 
assigned to descending turns and pullups than in the referenced 
profiles.     The larger  values would appear to be  more  realistic 
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considerin« the attack helicopter mission,   vhich involves greater 
than nurmal .unounts of time spent maneuvering in most mission 
segments.       )lher differences between design and developed pro- 
file  values .-re   related to the missions for the  helicopter types. 
For exampl-,   the  percentage of occurrence value assigned to the 
crane  helic« pter  for the dive basic  condition is considerably less 
than the   wih e taken  from  AR-^6  (Reference   1).     Realistically, 
the  crane w   uld  encounter a  power  dive  very   rarely,   and the time 
spent in thF   condition  should reflect a  very   small percentage of 
the total flight time. 

b.       Autorotation.     With the exception of Reference  Z,   the percentage 
of occurrence values for the autorotation mission  segment for 
all of the profiles compare quite closely.     The  developed mission 
profiles for the utility,   crane,   and transport helicopters show 
slightly       ore time   spent in the autorotation  segment than Indi- 
cated by References  1 and  3.     The developed profiles indicate a 
greater percentage of occurrence of the  steady descent basic 
condition than the   referenced profiles.     Routine pilot training 
procedures involve a certain amount of time in autorotation con- 
ditions.     The  values  indicated by  the  referenced design profiles 
appear to be  somewhat unconse rvative,   and  more time was as- 
signed to autorotation conditions in the developed profiles to 
make the percentage of occurrence  values appear  more realistic. 

EVALUATION OF REALISM OF LOAD FACTOR  DISTRIBUTIONS 

Several of the  operational  flight  loads  studies briefly  discuss the   import- 
ance of establishing general usage mission profiles for different helicop- 
ter types.     The flight conditions  encountered by a particular type of vehicle 
can be a direct  result of the  type of mission,   i. e. ,   combat versus non- 
combat and load lifting versus utility.     As determined from  some of the 
operational flight loads  studies,   the m.ssion profiles for certain helicop- 
ter types were not typical  of what could be called intended usage profiles. 
In the absence of a clear definition of an intended usage mission profile 
for each helicopter type,   some basic assumptions were made regarding 
whether or not certain flight conditions would normally be encountered 
during an intended usage mission profile.     These assumptions will be- 
come apparent in the following discussion of the realism  of the load factor 
distributions for helicopter type. 

Observation 

In the case of the observation helicopters,   the distributions are baaed 
primarily on data obtained from  studies conducted in a combat environment. 
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1 n.f   stiiclv  ^-fiiirU-s  s\crr  t'cp; i ppn! \<. ;i!i .innanu'nl   ami,   as  a   ri'sr.ll ,   pra!j_ 

aiilv  i'iu"!)',;!!! c rrrl iliuhl  fn".!! it inn.-  liiai   nu-.l'! lie labt-li'ii mintu'T'^   nianiniviTri. 
C^rril it inius that  niiuhi   be p.iori" '.xpica.! fifan altacl-; or ut ;1 ii \ /'; .u-i iial asHaull 

typt- ctf hi'licopti.'r  itiay havi- bci'n pcrfornu-fl.      i'lus   is rvidc<iict>cl by the luuhcr 
[H1 rtt'ii; a^i' "I   ir.issnin tinu'   spt-nl   ; 11 liic  UM IICP,-. ■ ;■  si-gnicnt   as  opposeti In 
tlu' dtiu'i" srumciits  prt* s i-nt i.'!!  in !\<M r i-i-i'.i, <    1".     1 low over,   evasive maneu- 
vers  to avuicl L'.roiir.d  i'ire while  servini!   in a  p;rel\   ul>Herval iein lapaeily 
v.tiulti  be ennsicierof! a  par'  oi  an  infI'nflcri ;-.s.ej,e mission profile. 

An ohservatiun helicopter performing attack or  support mission functions 
would most likely encounter those flieht  tonditions which have a  signifi- 
cant effect on Loarl factor and airspeed (ii st r tbution s .     Also,   ^ross weight 
di stribu* Ions would  be affes ted iiecause of increased  loadme due to arma- 
ment   and,   in  some  cai-es,   additional  personnel  to operate  the  armament. 
For  these reasons,   the operational  load  l.tctor data  for the observation 
helicopter  seemed to indicate a  more  sevt-me load factor environment :han 
mii^ht nornuiliy  hv encountered for an observation helicopter.     However, 
in a conmal situation,   tins  severe load factor environment  could be con- 
sidered to iie  realisti'    since  elose-in observation and   rao.d  maneuvering 
to avoid c reer.fi  i M

- ■ a i  tailor d :s t r! out n in. 

Utility 

For the utility helicopter,   the percentage di st ribut ioii of loarl factor peaks 

with airspeed is   relativeK   constant across the airspeed  spectrum.     This 
would be the expected trend for a  utilit,  helicopter because of the type of 
mission normally flown;  resupply,   lartju,   and personnel transport.     The 
suliject vehicles  af Reference   IS that  were classified as utility  helicopters 
fell  into both assault and nonassault roles.     As a  consequence,   the load 
factor distributions were  influenced h\   flight conditions  encountered during 
the assault role that might not   have  occurred durim, a  purely  utility mission. 

The  load facto r-L; ross v.ei^ii'  di st ribut im   sliows that the mid and hieb 
nross weight   ranges contain  the  greatest p.e rceutage s of load  factor peaks. 
This might be considered a  realistic trend, considering that the utility heli- 
copter   is  intended to function  in  a  load-carrying  capacity. 

The  load factor peaks encountered at a particular density altitude would be 
a function ol  the operational environment.     Disregarding the density altitude 
requirements for this type of helicopter,   the vehicle would normally he ex- 
pected to operate at altitudes above ground level of 0 to 5000 feet.    The 
load  factor-altitude distribution  indicates that the  greatest number of load 
factor peaks occurred in the  mid-altitude  range  (2000 to 5000 feet). 

SO 
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I'hc  flight  I«»,].! •   stv.riifs w hici'.  i •'■. ■■]■■■'[ l-rlii. .ip•.(..- .-•   ti. il  nuilti  ;.-■  I.iiicl .•-:   i ,- 

in i 1 i t\  'tactical  a s na. ul t   \ chic 1 r .-, w ■• rc i-iüdm"'i a  in   ■:   sin ula tcd i • n: aial 
cnvi rontn enl   ( K c t c r cnc r   11).      flit" ini ss iun -.   ine lade'! a i r a y sanl!  axe r c i sc .^ 
,i s wctl  .i:-  routine traininL; and  fifdf'i aiar.c.r.'i'r s.     T"n"   rcsnlts  of fliese 
studii-,-. indicated that the  distribution ol   Inaa  factor with airspeef!  re- 
mained  relatively constant throuiihout the airspeed sneclrum.     This would 
seem  conservative for a  vehicle in an actual  combat uussion involv'inn 
personnel transport and ground  fire  support of uround personnel.     Durinu 
these ndssions  il would be  expecteri that  the  vehicle would   spend more 

time in load-factor-producini; conditions than the pure utility  or observa- 
tion hfdi copte r. 

I'he  greatest   oe r ci-nt a j c  ot   load   factor  peak1-   occur   in  tile   nod  ,tnd !iii;h 
spross weight   ranges.      1'his would  uv an  i'xpi-cteti  tread  fur  .i  utilitv   tactual 
assault helicopter that   spent  most  of the  tune  in assault  troop transport  or 
tactic.il  lire   support  missmns.      hroni  aii opera!! uial   standpoint,   mission 
v.-eiLjht  is  important  in determining;  veiiicle  effuueiU'N.      Partially  laadrd i o- 

unloaded  ■.■elude.- are not  as   efficient   in an  ■ >pe ral ion.i!   sense as  full\ 
loaded vehicle.-. 

The load fattor-al itude distribution indicates that the utility/'tactical  as- 
sault helicopter  encounters  increasincl'    greater percentaqes ot  load  fac- 
tor peaks as the altitude  increases.     Above  the  ^000-foot level,  the per- 
centage of peak values drops off considerably.     Aünin,   this  would he the 

expected trend  for a  vehicle that,   b\   u-ission   n-qui reu ent,   mi^ht  spend 
most ol the lime  in  low-altitude bulical   sutiuort i-.i i s sinn s. 

•e.nu re;r. iTils  m orrie r 

Attat k 

The attack  liclicopier   ride dictates ci main desi-, 
to fulfill  the  intended m i s sion.     ( 'ne af th..' u    ist   significant  of these  is 
hiidi i;: a neu \-e IM id i i t \-.       ibv  lo.tdi  f.icl ":  fii si r ibut i on >-   1 ■ a'  ! riv  attack  iudicon- 
ter are  sienifi cantlv  greater  in  b.-th  r.incr and m.ter.ilcde than those for 
the other tvpes.      The hi^iier  load f.idor peaks    ifi'ir .i!   ihe higher airspeed 
These would be expected '.reini.'-   for   r\ attacl;  i ■    'tonter  invoh/etl in  search 
and destroy   or  ground assault mission profiles.      Fiu-.-e missions norinally 
could include  larue   segments  of fÜLdil time   spent  in weapons delivery 
maneuvers  indicative of a  hostile (onibat enxironment and wdiich would 
involve more than normal  amounts of time  in ioaneu •. e r i n-_;  lliidu  condi- 
tions,     for these  re.'.sous,   I'm-  load factor di.-t r ibution  for an attack heli- 
copter would  be expanded   in  ma_;!u(ude    iver  those   ot    itlu-r type's ot 

lie! i c opte r s. 
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Mission efficiency for this typt" of helicopter directly relates to the weap- 
ons carried and,   therefore,   nuuht be expected to ■ Merate at the higher 
Ljross weights during niost 01  its flight time.     This   is  indiiated  by the oper- 
ational  report of Reference   \ ti,   wliicli  shows grcati r amounts at time  spent 
at mid to high gross weights.     Because ot this,   the   load factor-gross 
weight distribution  shows a greater percentage of load  fnMor peaks occur- 
ring at the higher gross weights. 

The load  factor-altitude distribution  shows that tin   highest percentage of 
load factor peaks occurred in the  2000- tu 'aUHJ-fout  altitude  range.     These 
values are   strongly  influence'!  bv the  type  of n;isse>n  for which  an  attack 
helicopter  is designed.     The   intended   mission would  invoKe   search  at alti- 
tude  for enemy positions  and attack   at a lower altit  ide to destroy those 
positions.     Maneuvers encountered during the attack  phase ol the  mission 
would  possibly account  for the  majority of the  load  factor peaks during a 
given  mis sion. 

Crane 

As mentioned previously  in   Task  II,   the  load factor-airspeed distribution 
for the  crviie helicopter ern ompasses  a  narrow  ranee  of load  factor peaks. 
This ' o a direct result ot  the i rane's  intended mission,   specifically,   cargo 
transport,   hoist operations,   and  oversi/ed external   sling loads.     In an 
external  load  configuration,   a  crane helicopter would  normally  avoid high- 
load-factor - producing flight conditions.     Also,   high maneuverability  is not 
a prime design criterion for a crane helicopter.     The'  fact  that the  percent- 
ages of low load factor peaks are  signifi. antly higher than those for other 
helicopter types points out that crane helicopters avoid high-load-factor- 
producing flight conditions. 

The   load  factor-gross weight distribution for the  crane helicopter  indicates 
that the   lowest: percentage  of loaf!   factor  peaks occur  in the  mid gross 
weight range.     This would be the expected trend  for a helicopter that was 
designed to carry heavy external   loads but which,   in an unloaded configura- 
tion,   has a gross weight significantly less than ihe  maximum design gross 
weight.     The greatest percentages  of load  factor peaks would  occur at 
either low or high gross weights. 

In a  load  transporting  configuration,   a crane helicopter would  not normally 
be  expecterl to fly at high altitudes.     Also,   if the  vehicle was  performing 
the intended mission,   this type would  spend a large portion of the tocal time 
at an intermediate  altitude   in transit  from one  point to another.     This can 
be  seen in the load factor-altitude distribution,   where the greatest percent- 
age of load factor peaks occur  in the  Z000- to 5000-foot altitude  range. 
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Transport 

The intended mission profile for a transport helicopter normally would in- 
clude the transport IM   personnel and/or equipment from one  location to 
another.     In this resnect,   the mission is very much the same as that lor 
the crane helicopter.     This is also indicated by the load factor-airspeed 
distribution tor the transport,   which;   like the crane,   has relatively narrow 
bands of load factor peaks  (AN/J/ANJJ) and a relatively even percentage 
distribution of peak.-   across the  airspeed  spectrum. 

The load  factor-gross weight distribution for the transport helicopter in- 
dicates that the greatest percentage  of load factor peaks occur in the low 
gross weight range.     Although there is no indication of why this is the case 
in the  referenced material,   this might be due to the avoidance of high-load- 
factor-producing flight conditions while at the heavier gross weight 
configurations. 

As for the crane,   the transport helicopter incurs the greatest percentage 
of load factor peaks in the mid-altitude  range of 2000 to 5000 feet.     Be- 
cause of the  similarity in the missions between the crane and transport, 
the  same trends in the load factor distributions would he expected. 
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TASK IV -  IDKX TTFKV TION OF CRITICAL SEGMENTS/COMDITIONS 

The nbiecti\'e of this last:  is In identify the mission profile  st'yments and 
basic conditions which 'nave hi»h structural  loads,   hi^h fatigue damage, 
and/or hiuh \-il)fa tion.     Structural loads  and  fatojuc damage are associ- 
ated with  specific components,   while vibration is not related to a specific 
component  but   is a general  indicator  of hiu.h  loads.     Therefore,   these 
subiects art- discussed separately below. 

HIGH STRUCTURAL LOADS AND FATIGUE DAMAGE 

The distinction beUveen high  structural  loads and high fatigue damage is 
very  important in this  stud\ .     Variation in the peiu entage of occvirrence 
for basic conditions which produce hiuh loads or hiAi fatiaue damage can 
cause large changes in the fatigues life of a  component.     This is especially 
true of conditions which produce high  loads.     There are many  conditions 
which produce  high  loads  but,   because lhe\   occar  so  rarely,   do  not 
cause high  fatigue damage.     Small increases in the percentage of occur- 
rence  oi  these  conditions  can   significantly  affect  the  life of that component. 
Conditions  in these categories have been  identified In   analyzing the  load 
and  fatiii'ie data   supplied in the (iesom and  operational  reports  (References 
ZO through 1'i).      The scope of this effort   is luni   »d by the number of com- 
ponents  for which data were given.     Each basic ci     Ml ion generally affects 
one  group of components   more  severely  than others;  consequently,   basic 
conditions which affect  components  not   surveyed cannot  be  identified. 
Tables XI through XIV  idenlifs   i rilical conditions  for the components 
available.     Conditions are  ideruified  il any of the pa ramct ers (gross 
weiuht,    load  factor,   airspeed,   etc.) produce any of the critical conditions 
marked.      Table XI  is OIl-oA data (Ride rer.ee 1'>) representing an observa- 

tion helicopter.      Table XII presents  A.H-IG data (Reference 1\) for the 
attack helicopter.      The crane helicopter  is   represented by ClI-54Adala 
(Reference ,'u) t>iven  in   fable XIL.     CTI-47A data (Reference .!.')  is given 
in   Table  XIV,   representing a transport helicopter.     Because References 
24 through   'd) were' not  available,   the ulih'y and at ilily/tact ica! assault 
helicopters  are fiiscUHsc'd  separately.      Tor  purposes of this  analysis,   a 
condition which produced a   load at   least   50 percent   i'reater  than the 
endurance  limit  or contributed more than Z percent  oi the total  fatigue 

damage of a component was identified as having high  load or high fatigue 

damage  respectively.    In addition the tables include a column entitled 
"Causal  Factor"; the numbers in this column refer to Table XV and are 
discussed later in this task. 
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HIGH VIBRATION 

Since high vibration is not necessarily associated with the  loads in any 
particular component,   the occurrence of high vibration is shown independ- 
ent of the components in Tables  XI through XIV.      for the  same  reason the 
four manufacturers who produced References  ZD through 23 did not asso- 
ciate vibration with loads.     Consequently,   data on   .ibration were brief or 
nonexistent.     Data which could  be related to spccilic basic conditions are 
shown  in   Tables XI through XIV.      These data have been supplemented by 
surveying the Hughes engineering test staff relative to their experience 
with vibration in articulated and tandem  rotor helicopters of many dif- 
ferent models. 

CAUSAL FACTORS 

High  structural loads,   fatigue damage,   and  '.■ibration are  commonly asso- 
ciated with the same causal factors.     The cause of fatigue damage differs 
somewhat from the other two in that it usually occurs due to a combina- 
tion of moderate to high loads and high percentage of occurrence.     Condi- 
tions which are identified at   producing high fatigue damage and have loads 
only slightly above the endurance  limit are a result of a high percentage of 
occurrence associated with that condition.     Consequently,   the causal factors 
for fatigue damage conditions are not as severe as those associated with 
high loads and vibration.     Table XV lists the causal factors for each con- 
dition identified in Tables XI through XIV.     Each causal factor is num- 
bered corresponding to the numbers in the causal factor column in the 
tables. 

TABLE XV.     IUCH  LOADS AND/OR HIGH VIBRATION                        I 
CAUSAL FACTORS                                                                        1 

1. High cyclic blade angle 

2. Advancing blade tip compressibility  effects 

3. Retreating blade tip stall 

4. Unsteady air flow                                                                                                             j 

5. High tail  rotor thrust demand 

!          6. High main  rotor thrust 

0 0 
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CRITICAL CONDITIONS FOR THE UTILITY AND U TILITY / TACTICAL 
ASSAULT HELICOPTER  ~ 

For the helicopter t^jes for which critical conditions have been discussed 
up to now,   flight loacs data were available in the manufacturers'  reports 
(References r,n through Z3).     For the utility and utility/tactical assault 
helicopters,   flight loads data is contained in References Z4 through 30. 
These reports have been unavailable,   though efforts were initiated early 
in this program to obtain them.     In order to identify probable critical con- 
ditions for these types,   a summary of Tables XI through XIV was made. 
All basic conditions were tabulated which had at least one critical condi- 
tion identified for any of the four types covered in Tables XI through XIV. 
The components were separated into two categories:   main ro'or and tail 
rotor.     This is shown in Table XVI.     The  summary indicates the conditions 
that are met likely to be critical for the utility and utility/tactical assault 
helicopters.     Tables XVII and XVIII show conditions deduced from the sum- 
mary that may be critical for the utility and utility/tactical assault heli- 
copter,   respectively. 

RELATIONSHIP OF CRITICAL CONDITIONS TO MISSION PROFILES 

The objective of the following discussion is to ascertain the critical condi- 
tions that are unique to a  single helicopter type and those that are univer- 
sally critical.     The components for which loads data were available are 
generally not comparable to one another on an individual basis,   but have 
been separated into main rotor corrmonents and tail rotor components. 
The critical condition summary.   Table XVI,   shows the basic conditions 
that are critical for each type for which data were available.    In this table, 
a condition was identified if any one of high loads,   high fatigue dariage, 
or high vibration occurred.     The simultaneous occurrence of high vibra- 
tion with either of the other two is of particular importance as a pilot cue 
that structural damage may occur.     The consistency of this relationship 
will also be explored. 

There are several conditions that are uniquely critical to each type heli- 
copter.     Basic conditions that are critical for one or two helicopter types 
are shown in Table XIX as uniquely critical conditions.     The reasons for 
these unioL->ily critical conditions for each type; will now be reviewed. 

In the case of the observation helicopter (OH-bA) the critical conditions 
are not related to the mission assignment.     ALI the uniquely critical con- 
ditions are related to one of two causal factors.     These are the unsteady 
airflow associated with transition and vertical descent,   and retreating 
blade tip stall associated with high speed and high rotor thrust. 
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\A\\].v: XVI.     CiUTK  AI, C ONDITION SUMMARY 

C rilicai Conrlilions 

For iiclicopter Type 

Main Rotor      Tail Rotor 

2.     TAKEOFF/ LANDINC. / LQW-SPl':i':D 
FLIGHT 

A. Vertical lift-off and acceleration 
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Conditions critical for the attack helicopter (AH-1G) are rearward flight 
and turns in level flight.     The  rearward flight condition is not unique in 
that both the observation and the crane helicopters have a critical condi- 
tion occurring during rearward flight; howeverj   the attack helicopter was 
the only type for which the tail  rotor was involved.    The fact that this con- 
dition is critical is not surprising; however,  the lack of the presence of 
high loads in the tail rotors of the other types is odd.     The tail rotor of 
any helicopter in rearward flight must overcome negative static direc- 
tional stability in addition to supplying high thrust to compensate for the 
high main rotor torque at very low airspeeds.    It is probable that the tail 
rotors of the  other types were designed to higher endurance limits to sat- 
isfy requirements of other conditions or ballistic invulnerability.     The 
fact that forward flight turns are critical is directly related to the attack 
mission because of the high occurrence of the turn condition and the con- 
centration of that time at higher load factors. 

The crane helicopter (CH-54A) has three uniquely critical conditions,   one 
of which is hover.    Table XIII shows that hover is identified as not having 
high loads in any components but that high fatigue damage occurs in several 
components.     This indicates that hover is uniquely critical to the crane 
helicopter because of the high percentage of hover time.     It should be noted 
that the crane helicopter is the only type for which Causal Factor 6 is 
applicable due to very high gross weight operation.    The design and oper- 
ational report. (Reference 20) indicates that high gross weight is a com- 
pounding factor causing high fatigue damage in sideward flight.    There is 
also a high occurrence of these conditions because hovering in crosswinds 
and tailwinds is frequently necessary for the crane helicopter. 

The transport helicopter is uniquely critical for both vertical takeoff and 
acceleration,   and for low-speed forward flight.    Both of these conditions 
produce high fatigue damage.     High loads are likely to occur during these 
conditions as well,   because the percentage of occurrence for the vertical 
lilt-off and acceleration condition is not very large.    However,   this cannot 
be verified because flight loads data were not included in the design and 
operational report (Reference 2Z).     The level flight condition is also iden- 
tified as uniquely critical to the transport.     This is due to high vibration 
levels at high airspeed,   probably due to advancing blade tip compressi- 
bility effects.     There is no relationship between the uniquely critical con- 
ditions and the transport mission. 

Table XIX also lists the conditions that are critical for three or more heli- 
copter types as universally critical conditions.    These consist of six basic 
conditions,   containing four distinct maneuvers.    Each maneuver corre- 
sponds to one of th" first four causal factors listed in Table XV.    These 
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four factors have been primary considerations in the design of virtually 
every rotorcraft. 

CORRELATION OF HIGH VIBRATION WITH HIGH  LOADS OR HIGH 
FATIGUE DAMAGE 

Tables XI through XIV,   XVII,   and XVIII were examined to determine the 
consistency of high vibration occurring simultaneously with high load or 
high fatigue damage.    None of the helicopter types showed a consistent 
correlation.     Out of 77 conditions which had either high vibration,   fatigue 
damage,   or high loads,   only Z8 had a simultaneous occurrence of high 
vibration with either of the other events.     There were Z2 conditions for 
which high vibration occurred without high loads or high fatigue damage. 
The remaining 21 conditions were occurrences of high loads or high 
fatigue damage without high vibrations.     These data indicate that while 
high vibration can have serious implications in its own right,   high vibra- 
tion may not be used to indicate the occurrence or nonoccurrence of high 
loads or high fatigue damage rates.     Further study is recommended in 
this area because,   while there were many instances of high vibration 
occurring without high loads or fatigue damage in the components  shown, 
there may have been damage in components for which data are not 
available. 
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CONCLUSIONS 

In Task L   38 reports applicable to the dynamic lo;irls and structural criteria 
study were identified,   indicating active interest for over two decades in the 
effects of actual operational usage on helicopter fatigue  life.     These reports 
contain operational data.   Government specifications,   design criteria,   and 
flight loads data.     Seven of vhe  reports could not lv obtained over the  short 
span of this contract,   which limited the scope anrl accuracy of data pre- 
sented for the utility and utility/tactical assault helicopters. 

A standard format for mission profile presentation was developed in Task 
II in order to define uniform design requirements for various helicopter 
types.     This format includes six distinct mission segments and a standard 
list of basic conditions coordinated with other major helicopter manufac- 
turers.     This format was used to present complete mission profiles rep- 
resentative of the intended usage for six helicopter types; i.e.,   observation, 
utility,   utility/tactical assault,   attack,   crane,   and transport.     These pro- 
files and the accompanying graphs  showing load factor distribution with 
airspeed,   altitude,   and gross weight have been developed in terms of non- 
dimensional design parameters for application to future helicopters with 
improved maneuver capabilities. 

The developed profiles were evaluated for authenticity in Task III.     The 
profiles were compared to the operational data and found to be in generally 
good agreement in view of the differences between the operational flight 
load parameters and the design criteria.     The  profiles were further eval- 
uated by comparison to military specifications.     Differences were found 
to be related to practical considerations and to the differences between 
operational data and intended usage. 

Specific mission profile segments and basic flight conditions in which high 
structural loads,   high vibration,   and/or high fatigue damage rates occur 
were identified in Task IV.    All rotating and stationary components for 
which flight loads data were available were used for this purpose.     Condi- 
tions uniquely critical to each type of helicopter were Identified,   indicating 
that,   in general,   the critical conditions were not related to the mission 
requirements.     In most cases the critical conditions appeared to be the 
result of the  structural design of the specific model rather than a charac- 
teristic of the helicopter type as a whole.     Four maneuvers were found to 
be universally critical for the six types.     These were found to be related 
to fundamental helicopter principles.    The relationship of high loads,   high 
fatigue damage rate,   and high vibration was discussed,   including the pro- 
pensity to occur individually or simultaneously.    High vibration was found 
to have little correlation with high loads or high fatigue damage based on 
the limited data available. 
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RECOMMENDATIONS 

Presentation of helicopter operational data has improved greatly since the 
early efforts in the   1950's.    In spite of this improvement,   a great deal of 
interpretation was necessary for this effort.     Re-editing one of the data 
samples into the segments of the  standard profile developed in this report 
is recommended.     This would demonstrate that the standard mission seg- 
ments are conducive to editing operational data.     Comparing the  results 
of the re-edited data to those of Figures 1 and 2 would verify the distribu- 
tion techniques and assignment of maneuvering portions in Task II.    In 
addition,   presentation of load factor data should be improved to allow 
determination of the time spent at each load factor increment and to the 
number of load factor peaks.    Previous reports have recommended 
smaller increments and inclusion of data closer to the  lg level.     This 
recommendation is reiterated and,   in addition,   correlation of load factor 
occurrence with the other flight parameters is  strongly recommended. 
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APPENDIX 

BIBLIOGRAPHY ABSTRACTS 

AERONAUTICAL REQUIREMENTS,  Naval Air Systems Command, 
AR-56,   17 February 1970. 

The U.   S.   Naval specification covering the  static and dynamic 
structural design criteria and structural data requirements for heli- 
copters.    It defines the minimum requirements for flight,   ground, 
and pilot applied loads,   the loading distribution,   and stress of all 
components. 

CIVIL AERONAUTICS MANUALS 6,   including Amendments 6-1 
through 6-4,   Federal Aviation Agency,   20 December  1956. 

The Federal Aviation Agency specifications for rotorcraft 
airworthiness.     This manual contains sections on service life 
determination,   including percentage of occurrence tables. 

ENGINEERING DESIGN HANDBOOK,   HELICOPTER,   PART 3, 
QUALIFICATION ASSURANCE,   Army Materiel Command  Pamphlet 
706-203,   December 1971. 

This handbook is the U,   S.   Army guideline for helicopter 
engineering.     Part three deals with qualification assurance.    Section 
8-2 presents methods of conducting a flight load survey and gives 
some examples of flight conditions that should be  surveyed, 

Roeser,   E.   ^ ,   and Flowers,   J,  A.,   SURVEY OF HELICOPTER 
FLIGHT-LOAD PARAMETERS,   Weptask Problem Assignment 
No.   1-22-71,   Aeronautical Structures  Laboratory Report NAEC- 
ASL-1061,   U.S.   Naval Air  Engineering Center,   Philadelphia, 
Pennsylvania,   27 September lq63. 

The objective of the  study was to make a field  survey of the 
helicopter flight-load environment.    It was necessary to develop 
and install a compact recorder system which would require a mini- 
mum of field maintenance.     Recorded data were supplemented with 
brief pilot reports.    The program was carried out with a minimum 
of interference to squadron operations.     Recorded flight data were 
analy/.ed with the objective of determining the essential flight 
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parameters necessary to best describe the flight-load history,    A 
statistical presentation of representative samples of flight data 
covering field use of the helicopter was made including histograms, 
exceedance curves,   and acceleration spectra tables. 

Crim,   Almer D,,   and Hazen,   MarLinF.,   NORMAL ACCELERA- 
TIONS AND OPERATING CONDITIONS ENCOUNTERED BY A HELI- 
COPTER IN AIRMAIL OPERATIONS,   Langley Aeronautical 
Laboratory,   NACA  TN Z714, National Advisory Committee for 
Aeronautics,   Washington,   D.   C,   June  1952. 

An analysis is presented of the normal accelerations and 
operating conditions  encountered by a single-rotor helicopter engaged 
in airmail operations in the vicinity of Los Angeles and its suburbs. 
Data were obtained for  14 months of operation,   from May 1950 
through June  1951,   and represent 1691 flights (253 hours of flying 
time). 

The results indicate that,   for this type of operation,   maneuver 
loads developed in routine flight are often greater than the largest 
gust loads.    Consideiing the maximum positive and negative accelera- 
tion increments  reached in each flight,   approximately 54 percent of 
these maximums were due to maneuvers occurring either at takeoff 
or during the landing descent. 

The largest en-route accelerations,   due to gusts or maneuvers, 
are similar in magnitude to the landing-descent maneuver loa''~. 
Maximum increments  recorded eu route were 0.70g and -0.60g, 
wh:ie corresponding values for the descent were 0.60g and -0.55g. 

Hazen,   MarlinE.,   A STUDY OF NORMAL ACCELERATIONS AND 
OPERATING CONDITIONS EXPERIENCED BY HELICOPTERS IN 
COMMERCIAL AND MILITARY OPERATIONS,   Langley Aeronautical 
Laboratory,   NACA TN 3434,   National Advisory Committee for 
Aeronautics,   Washington,   D.  C,   April 1955. 

An analysis is presented of the normal accelerations and 
operating conditions encountered by two different airmail helicop- 
ters and a military pilot-trairing helicopter.    The results,   based 
on 4325 flights (618 hours of flying time),   indicate that man- avers 
are usually responsible for the relatively large accelerations 
encountered,   whereas gusts contribute primarily to the large num- 
ber of smaller accelerations and the corresponding increase in the 
amount of time spent in the accelerated state. 
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The largest maneuver loads  recorded to date are increments 
(measured from the  lg normal-flight condition) of l,40g and -l.ZSg, 
whereas the largest gust-acceleration increment was O.'jOg. 

The percentages of total flight time spent in the various flight 
conditions and speed ranges,   as well as the acceleration time 
histories,   are very similar for the two airmail helicopters and 
appear to follow a definite pattern as contrasted to the varied operat- 
ing conditions of the military pilot-training helicopter, 

Conner,   Andrew B.,   and Ludi,   LeRoy H.,   A SUMMARY  OF 
OPERATING CONDITIONS EXPERIENCED BY TWO HELICOPTERS 
IN A COMMERCIAL AND MILITARY  OPERATION,   Langley Research 
Center,   NASA TN D-Z51,   National Aeronautics and Space Adminis- 
tration,   Washington,   D.   C.,   April i960, 

A survey is presented of the conditions  under which a helicopter 
engaged in commercial operations and a helicopter engaged in 
military operations were operated.     The data,   obtained with an NASA 
(formerly NACA) helicopter VQHN recorder,   represent Z366 flights 
or 410 flying hours . 

The results indicate that neither helicopter was operated above 
the maximum allowable  airspeed and both helicopters  spent the 
largest percentage of time at approximately 60 to 70 percent of the 
maximum cii sign airspeed.    The rates of climb and descent were 
varied and distributed over the entire airspeed range for both heli- 
copters.    During this  survey,   both helicopters made approximately 
six landings per flying hour.    Both helicopters were operated at 
normal rotor rotational speeds during all flight conditions. 

The center-ol-gravity normal acceleration experience above a 
threshold of ±0.4g was more severe in the military operation than in 
the airmail operation. 

Conner,   Andrew B,,   A SUMMARY OF OPERATING CONDITIONS 
EXPERIENCED BY THREE MILITARY HELICOPTERS AND A 
MOUNTAIN-BASED COMMERCIAL HELICOPTER,   Langley Research 
Center,   NASA TN D-43Z,   National Aeronautics and Space Adminis- 
tration,   Washington,   D.  C,   October i960. 

The results of a survey of the flight conditions experienced by 
three military helicopters engaged in simulated and actual military 
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The eurrent   > ir\-e\-  result-,  show that  none of the helicopters 
exeeeded Uie maximum design airspeed.    Uno military iudicupler, 
used for  instrument  flight  training,   never  exceeded  70 percent of its 
maximum design airspeed. 

The  rates  ol  cLimh and desee",t utili/ed bv the II-'K training 
i'ielii'opter and o!  the niountaui-Uasef! iulieupter were uenerallv 
■■.a r rov.dy  distributed  Withir, all  the airspi'i-d  ranges.     The  number ol 
landiiigs  per hour  lor all  lour ( :  ;'..(   Sidii upte ;-^   ranueri from   I .n 
t o 3 . .>. 

The turbine-engi ne iuTicupter  experienced  more  irecpient 
normal-a cce le rat i'jii  increments above   a threshold o!   ±0.-lu (where g 
is acceleration due lu gravity) than tlie mountain-basi-d helicopter, 
but the rnounlain-ljasc'd helicupler experienced acceleration incre- 
ments of greater magnitude, 

Llmitefl  rotor rotational speed time histories  showed thai all 
th.e h.'dicopters  were operated at  normal  rotor speeds during all 
! i iuhl   conn it ion - . 

Iruett,    Bruce,   eial,   SI :1< X'! A'  . M    STR AIXS A\'n   LOADS F.XpF:RI- 
ENCED BY  THE BELL 11-1 -dl,   VEHTOL H-ilC,   AND SIKUKSKY 
n-34A HELICOPTERS DUUINO SERVICE Oi^F.RATlUN,   Univ. rsif. 
of Davton  Keseandi Institute,   V.ADD   1R oO-Slrt,   Aer   .auiicai bys- 
'.em-   Di'.ision,   Air  P"orce Svslems Cummaiifi,   United States Air 
!•',.;-<' ,    '•"■ rlt.'r.i-hatte r.~on A ir  1' HH e I'ase,   Oi.io,   Ma\   l(*bl. 

I'wo each of three helicopter models (11-1311,   11-21C,   and 
11-34A) were instrumented lo yield strain and operational load 
information.    Data were acquired dunnii several months ol  service 
, i-  rat; 'ii  -y    '•   .   S.   A rmv or ja m/.at KJUS .     Load and  strain histories 
.,-f preseiiti      .■.  graphical and tabular form.    A  statistical study was 
nude rtaben to in\ estimate sainplinu ti-tdinitpies and other statistical 

a   :)e( ; ■   o:  line pro- ra m . 
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If).       DiCarlu,   Danu'l.i..    .\  Sl'V'.MAHY  I.).1-   Ui'K KA i loX'A 1, F.X!'i-: K LKNC  i- S 
Ui-' 'J HRr'.K  LlCU'l   (M'.SKir^'A riC)\ iU'l.lrul1 i l-'H - AXI)   TV, ■ ■  !.Ai:( ;]■: 
LÜAD-LU-TIN'C;  NÜ1.1I AK'    :! K 1 .KM ,;■ j K :■,-:,    i,a,;ui.-\   N'^car.i: 

CfiiLvr,   NASA   IN  l)-4iZ(i,   Xitip H j.al Ar I'unaut K - and Spav«- Adminis- 
tration,   W ashinui. JII,    i).   C,   SrpU'iiiDc r   I'.'rj?, 

A  survey u'  list- upf raliuns ul  thrrt- tiitlc rent ['^rulu'vpc IIL'.' 

observation hflicopters and ui two Largi' load-iiuin^ ludicupU'rs, 
each invol\'i'd in simulated uiilitary uperatiuns,   was cujnductfd with 
mdicuplcr ilijjht  i-f/corders  in erder tu prüvuie a basis lor extending 
helicopter design and -^ervirr liti- criteria.     1 Uc data are  represenlP- 
tiv1' of 3064 fliuhts  (^870 flvin^; hours)  far the   liuhl  ludicupters and 
14','  flights (125  flvnej hours)  fur ihe  load lifters.      1 :u   operatiiT^ 
experiences are prcsenlef! in terms ul the time spent within different 
airspeed brackets,   the classifiable  flight comhtions u!  climb,   en 
route,   and descent,   and at ditferent   rotor  rotational speecis,    Xoneal 
acceleration occur i-cncc's above the incremental value ol  ±0.4L; are 
also presented . 

Results  tor this  sur\ey  siiow t'nat  eaci; Helicopter  spent a  iaree 
amount  of time  in l!u   upper portion ol the  speed  ra nue and exceedt'd 
its handbook maximum velocitv fur it small pi-rcii.tam   ol the total 
flight time.    Broad variations in  rates ul climb and descent occurred 
over a wide  ranue of airspeeds,     Xormal acceleralion experiences 
reached 7^ to ')H percent ol the aerudynamirall"   attainable maximum 
estimated for the  specilic  flight condition-,.     Rutor   rotational  speeds 
were held ill the normal ■.•alues  lor most ui tne fliuht lime,   but a 
lars^e number of '.alues  exceeded either the upper or lower  redlme 
limits . 

11.       (..!,.\,   Lar-y K.,   et ai.   fi U ] 1"  i IHLICOP 11" R  i- ! .K ii 11   LOADS 
IXVKSllC.A I K1\ HROr.RA'.',    I .,■.:! )i^.-    l^   ■•;■.;•,.,;>',.   '' A\ A V l.Al'"s 

i* R   '■'.)- 4 ' j,    i   .   S .     s . ■ i; i ■   , ■. ■ ■, 111 > ■:  '.   . ■; i ■: ■ ;.. i.       • '     ■.    -,    i       '   t. u s'. i ■•, 

; •" L' i I', la, ( ,   Ai' !.:i r-" 

To provide designers with the load speetr.i experit need by opera- 
tional aircraft, a flight loads investigation prour.m w;ir performed for 
UI 1 - 1 R) aircraft under  simulated  combat   londiti .ns. 
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The operational characteristics of the UH-IB are analyzed in 
the Zh'-hour  statistical  sample of data compiled in this report. 
Parameters  measured included  airspeed,   altitude,   outside air tem- 
perature,   acceleration at the aircraft center of gravity,   main rotor 
rpm,   collective  stick positions,   longitudinal cyclic  stick position, 
and  engine  torque.     Supplementary information lor  each  flight con- 
sisted  of gross weight,   type  of mission,   and  barometric  pressure. 
An airborne  oscil lographic  recorder  system was  used to obtain the 
data. 

The data from each  flight were  classified as belonging to one 
of the following four mission segments:    ascent,   descent,   maneuver, 
or steady state.     By grouping and correlating the various parameters 
with the  supplemental information provided,   exceedance curves, 
histograms,   and gust spectra were generated to provide guidelines 
for aircraft fie sign. 

Comparison of the  gust response  of the   Uli-IB helicopter to 
that of the OV-1A fixed-wing aircraft indicated that perhaps a 
theoretical  gust factor  for helicopters  could be  related to derived 
gust velocities for fixed-wing aircraft.     This gust analysis was con- 
ducted by Technology Incorporated, 

1Z.       Braun,   Joseph F.,   et al,   CH-54A SKYCRANE HELICOPTER FLIGHT 
LOADS INVESTIGATION  PROGRAM,   Technology Incorporated, 
USAAVLABS TR 66-58,   U.   S.   Army Aviation Materiel   Laboratories, 
Fort Eustis,   Virginia,   June   I(,66,   AD 638364. 

This report deals with the analysis of 1 10.4 hours of CH-54A 
Skycrane  flight loads data.     Oscillograph recorders were used to 
collect the parameters measured,   including airspeed,   altitude, 
vertical acceleration at center of gravity,   main rotor rpm,   longi- 
tudinal cyclic stick position,   collective  stiele position,   outside air 
temperature,   torque on each engine,   and gas producer rpm on each 
engine.     Barometric pressure and takeoff-and-landing gross weight 
estimates were also recorded as supplemental information.     The 
flight data were divided into four categories by mission:    ascent, 
maneuver,   descent,   and  steady state.     The aircraft were perform- 
ing their normal mission functions during the period in which the 
data were collected. 
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Time history tables,   histograms,   peak counts,   and exceedance 
curves were generated from the data.    As a  result of this study, 
designers now have a limited sample of conditions experienced by 
four CH-54A aircraft in the field. 

13. Braun,   Joseph F.,   and Giesslcr,   F.  Joseph,   CH-47A CHINOOK 
FLIGHT LOADS INVESTIGATION PROGRAM,   Technology Incorpora- 
ted,   USAAVLABS TR  66-68,   U.   S.  Army Aviation Materiel Labora- 
tories,   Fort Eustis,   Virginia,   July  1966,   AD 64U14Z. 

This  report covers the collection and presentation of 165 hours 
of usable flight data for the CH-47A helicopter.    The data recording 
system and the data processing procedure are described,   and an 
analysis summary of the  results of the flight data is presented.    The 
flight data were recorded between 9 September  1964 and Z December 
1965,    The area of operation was primarily at or adjacent to Fort 
Benning,   Georgia.     To analyze parameters according to distinct 
flight phases,   the reduced data were separated into four mission 
segments:    takeoff and ascent;  maneuver; descent,   flare,   and land- 
ing; and steady state.     In the form of tables,   histograms,   and 
exceedance curves,   the data indicate the time flown in the mission 
segments and parameter ranges,   and the number of parameter peaks 
occurring in the missions and ranges of other parameters.    Exceed- 
ance curves are given for both the maneuver and the gust normal 
load factors . 

14. Giessler,   F.  Joseph,   and Braun,   Joseph F.,   FLIGHT LOADS 
INVESTIGATION OF COMBAT ARMED AND ARMORED CH-47A 
HELICOPTERS OPERATING IN SOUTHEAST ASIA,   Technology 
Incorporated,   USAAVLABS TR 68-1,   U.   S.  A rmy Aviation Materiel 
Laboratories,   Fort Eustis,   Virginia,   March  1968,   AD 67167Z. 

From a structural flight loads program   on three armed and 
armored CH-47A helicopters,   Z07 hours of valid multichannel flight 
data were recorded as the helicopters  operated from air bases in 
Southeast Asia.    Data were processed and analyzed according to four 
distinct flight phases,   termed mission segments:    takeoff and ascent; 
maneuver; descent,   flare,   and landing; and steady state.    Data are 
presented in the form of time and occurrence tables,   histograms, 
and exceedance curves.    These data indicate the time spent in the 
mission segments and parameter ranges; the number of peak param- 
eter values occurring in the ranges of the given parameter during 
each of the mission  segments,   and in the ranges of one or more 
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related parameters; and the time to reach or exceed given maneuver 
and gust normal load factors and lateral and longitudinal load factors. 
The largest normal load factor was   1.95,   which occurred at a  100- 
knot airspeed and with a 28,027-pound gross weight.     In contrast to 
previous  studies  ol   cargo and transport ClI-47A's  whose activity was 
mostly under steady-stale conditions,   the armed CII-47A's  spent more 
than half ol their time in the maneuver mission segment and had a 
much  more pronounced loads  spectrum. 

IT.       Ciiesslcr,   F.   Joseph,   and Brauu,   Joseph F.,   FLIGHT LOADS 
INVESTIGATION OF CARGO AND TRANSPORT C11-47A HELICOP- 
TERS OPERATING IN SOUTHEAST ASIA, Technology Incorporated, 
USAAVLABS TR h8-Z, U. S. Army Aviation Materiel Laboratories, 
Fort Eustis,   Virginia,   April   196H,   AD h72842. 

From a structural flight loads program on four C1I-47A cargo 
and transport helicopters,   Z-J^.TG hours of valid multichannel flight 
data were recorded as the helicopters operated from air bases in 
Southeast Asia.    Data were processed and analyzed according to four 
distinct flight phases,   termed mission segments:    takeoff and ascent; 
maneuver; descent,   flare,   and landing; and steady state.     Data are 
presented in the form of time and occurrence tables,   histograms, 
and exceedance curves.    These data indicate the time  spent in the 
mission segments and parameter  ranges;  the number of peak param- 
eter values occurring in the  ranges of the given parameter during 
each of the mission segments,   and in the ranges ol  one or more 
related parameters; and the time to reach or exceed given maneuver 
and gust normal load  factors.     The  largest  normal load  factor was 
1.628,   which occurred at a 93-knot airspeed and with a 22,100-pound 
gross weight.    In contrast to a  juncurrent study of armed Cll-47Als 
whose activity was  mostly  under maneuvering conditions,   the cargo 
and transport CH- HA's  spent over tn percent of their time in the 
steady-slate mission segment. 

16.       Giessler,   F.Joseph,   et al,   FLIGHT LOADS INVESTIGATION OF 
AH-1G HELICOPTERS OPERATING IN SOUTHEAST ASIA,   Tech- 
nology Incorporated,   USAAVLABS TR 70-51,   U.   S.  Army Aviation 
Materiel Laboratories,   Fort Eustis,   Virginia,   Septeml.u r  llj70, 
AD 87 80 39. 

From a structural  flight loads program on three AH-1G heli- 
copters,   408.2 hours  of valid multichannel flij.Mit data were  recorded 
as the helicopters operated from bases in Soutneast Asia.    Data were 
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processed and annl y/cd according to four distinct flight phases, 
termed mission seuments:    takeoff and ascent;  nianem'er; descent, 
flare,   and landing; and  steady state.     Data are presented in the form 
of time and  occurrence tables,   histograms,   and exceedance  curves. 
These data indicate the time  spent in the  mission segments and 
parameter ranges; the number of pea!-; parameter values occurring 
in the ranges of the given parameter during cuul: of the mission 
segments,   and in the ranges of one or more related parameters: and 
the time to reach or exceed given maneuver and ^ust normal  load 
factors.     The data are  presented in two samples of 201.7 hours and 
ZOb ho u r s. These  samples,   identified as San nie I ami Sample II 
respectively^   were obtained consecutively.     Sample  I was recorded 
between August 1''(;-. and April   [''o'',   and Sample II was recorded 
between April   V'o'1 and November   I'-'D''*.     This  separate presentation 
is made to permit an evaluation of the validity   )1 the 200-hour  sample 
as an adequate data base.     The differences between the two samples 
were minor,   and the two samples were observed to be  similar in 
their distributh ns of flight data. 

Giessler,   F.   Joseph,   et ai,   FLIGHT   LOADS IXV LSTIGATIOX OF 
CH-54A HLLICOFTERS OFFRATING IN SOUTHEAST ASIA,   Tech- 
nology Incorporated,   FSAAVLABS TR  70-73,   Eustis  Directorate, 
U.S.   Army Air Mobility Research and  Development Laboratory, 
Fort  Eustis,   Virginia,   Januarv   F AD s,sl2 3S. 

2 0 u u r s ,.   w e r e 
t  flicht   phases, 

■ i ;.e u\ er'   ': e - c e nt, 
re senteci in the  torn 

During a  structural  fliuht loads  proeram on six CH-34A heli- 
copters operating in th.e  \'ieman; theater,   10-1> r.ours of 11-channe! 
fliuht dat.i were  ret. ortie-,  ': <tween August  F't - and February   lo70. 
To study the adequacy of a 200-hour data sample,   as well as to 
derive appropriate environmental  loads  spectra,   two sets of valid 
data,   one  representinu 204 hours and the  sec >: 
processed  and analv/eo  according to :our disti 
termed mission segments:   talieof: and   -.scent; 
flare,   and  iandinu; ant;  steady  state.     Data ;ire 
of time and occurrence tables,   histograms,   and exceedance curves 
These data indicate th.e time  spent in the  mission segments and 
parameter ranges; the number of pea;-   parameu r vrTues occurring 
in the ranges of the given parameter during each of the mission 
segments,   and  in the  ranges  of one  or  more  relate':  parameters; 
and the time to reach or exceed  given maneuver and  gust normal 
load factors.     The analysis  of the  two  sets  of data presentations 
revealed that the two s,.mpies differed little and compared closely 
in their distribution of Lhe flight data. 
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18.       Johnson,   Raymond  B. ,   Jr. ,   Clay,   Larry E. ,   Myers,   Ruth E. , 
OPERATIONAL USE OF UII-1H HELICOPTERS IN SOUTHEAST 
ASIA,   Technology Incorporated,   USAAMRDL TR 73-15,   Eustis 
Directorate,   U.S.   Army Air Mobility Research and Development 
Laboratory,   Fort  Eustis,   Virginia,   May  I'1?7),   AD 764260. 

From operational usage parameter measurements on three 
UH-1H helicopters,   Z03 hours of valid multichannel flight data were 
recorded while the helicopters operated from bases in Southeast 
Asia.     Data were  processed and analyzed according to four flight 
phases,   called mission segments:    ascent,   maneuvei,   descent,   and 
steady state.     Data are presented in the form of time and occurrence 
tables,   cumulative frequency distribution curves,   and exceedance 
curves.     These data indicate the time  spent in the mission segments 
and parameter ranges; the number of peak parameter values 
occurring in the  ranges of the given parameter during e?ch of the 
mission segments,   and in the ranges of one or more related param- 
eters; and the time to reach or exceed given maneuver or gust 
normal load factors.     The data presented were  recorded between 
September  lr'71   and March  1C|72. 

lc'.       Giessler,   F.   Joseph,   et al,   FLIGHT LOADS INVESTIGATION OF 
OH-6A HELICOPTERS OPERATING IN SOUTHEAST ASIA,   Tech- 
nology Incorporated,   USAAMRDL TR 71-60,   Eustis Directorate, 
U.S.   Army Air Mobility Research and Development Laboratory, 
Fort Eustis,   Virginia,   October  1971,   AD 738202. 

From structural flight loads measurements on three OH-6A 
helicopters,   216 hours of usable multichannel flight data were 
recorded as the helicopters operated from bases in Southeast Asia. 
Data were processed and analyzed according to four flight phases, 
called mission segments:    ascent,   maneuver,   descent,   and steady 
state.    Data are presented in the form of time and occurrence tables, 
histograms,   and exceedance curves.     These data indicate the time 
spent in the mission segments and parameter ranges; the number of 
peak parameter values occurring in the ranges of the given param- 
eter during each of the mission segments,   and in the ranges of one 
or more related parameters; and the time to reach or exceed given 
maneuver and gust normal load factors.     The data presented were 
recorded between March and September  1970.     The OH-6A's en- 
countered more load factor peaks per hour but fewer An^ (incre- 
mental normal load factor) peaks above  1.0 than the heavier AH-lG's 
in a previous program. 
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20.      Mongillo,   A.   L. ,   Jr.,   and Johnson,   S.   M. ,   CH-54A DESIGN AND 
OPERATIONAL FLIGHT LOADS STUDY,   Sikorsky Aircraft Division 
of United Aircraft Corp.,   unpublished report,   Eustis Directorate, 
U.   S.  Army Air Mobility Research and Development Laboratory, 
Fort Eustis,   Virginia. 

Sikorsky Aircraft has conducted an analysis and correlation 
st'^lv of predicted fatigue1 design data and operational flight loads 
data for crane-type helicopters.     The purpose of the study was to 
compare operational mission profiles with a design mission profile 
and to provide data for use in establishing structural design criteria 
for future Army helicopters. 

In this study,   flight loads and usage data from USAAVLABS 
Technical Report 70-73,   "Flight Investigation of GH-54A Helicopters 
Operating in Southeast Asia, " were compared with CH-54A design 
data.    The effects of gross weight and auitude on true airspeed were 
determined.    Fatigue spectra were developed for six dynamic com- 
ponents,   and fatigue lives were calculated for these components. 
These fatigue lives were compared with lives predicted during 
CH-54A design.    Service histories for these components were 
reviewed,   and it was found that none of the changes made in these 
components  resulted from load conditions.    Peak operational load 
parameters were compared with limit static design values.    Recom- 
mendations were then developed to assist in establishing future crane 
helicopter fatigue design criteria. 

Comparison of CH-54A operational mission profiles with the 
design mission profile indicated that crane operating conditions in a 
combat environment were generally less severe than predicted.    The 
fatigue substantiation of the six selected components confirmed this. 
Extended or "unlimited" replacement times  resulted for all six 
components. 

Airspeeds above 90 knots were rarely associated with an 
external payload configuration.    Most aircraft flight time occurred 
in a density altitude range of 2000 to 5000 feet.    Approximately 
97 percent of the measured load factor peaks occurred at gross 
weights at or below 29,000 pounds. 

115 

■■■dlMMIH—H^ 



mm* 

Future Army helicopter designs will benefit from improved 
data colieeliun and i-r!itin^ Urhniciues.    B( tter definition of discrete 
ground and flight  regimes is  required to develop accurate mission 
profiles.    Consideration should be given to development of a com- 
posite operational spectrum based upon a combat environment and 
on peacetime Operation.     Knowledge of peak loads and specific load 
parameters,   such as main  rotor head moment or main and tail rotor 
flapping angles,   would  yield more accurate  fatigue  lead prediction. 

21,      Glass,   Max E.,   et al,   AH-IG DESIGN AND OPERATIONAL FLIGHT 
LOADS STUDY,   Bell Helicopter Company,   Fort Worth,   Texas, 
unpublished   report,    Eustis   Directorate,   U.S.   Army Air  Mobility 
Research and Development Laboratory,   Fort Eustis,   Virginia. 

This   report compares Ail-lG helicopter Southeast Asia mission 
proiiles with the original engineering 1 requencv-ol-occur rence spec- 
trum and the Navy AR-S6 spectrum for attack helicopters.    Fatigue 
lives calculated using the Southeast Asia profile are compared with 
those determined using the original f requency-of-occu r r ence spec- 
truin.     The development  cycle of the  Dell Helicopter Company Model 
540  rotor system  is   reviewed,   and the fatigue design methods used 
are presented.    Maximum one-time occurrences  measured in the 
Southeast-A sia operational  survey are compared with those specified 
in the AII-1G  structural design criteria and those measured in 
structural demonstration  flight tests.     Recommendations are made 
regarding  future  mission  survevs,   the  structural  design criteria for 
attack   helicopters,   and the upgrading of rotor loads prediction 
capability. 

2Z.      Herskoyit/.,  A.,   CH-47A DESIGN AND OPERATIONAL FLIGHT 
LOADS STUDY,   The  Boeing Company,   Vertol Division,   Philadelphia, 
Pennsylvania,   unpublished   report,   Eustis  Directorate,   U.   S.  Army 
Air Mobility Research and Development Laboratory,   Fort Eustis, 
Virginia. 

The purpose of this study was to evaluate the adequacy ol 
current structural design criteria for future cargo and transport- 
tvpe helicopters based on the design,   development,   and operational 
use of the GI1-47A  Chinook helicopter.     It was concluded that current 
structural design criteria are adequate' to ensure structural salety. 
Specifications for procurement of new helicopters should be modified 
to provide the most   realistic mission description possible lor fatigue 
design,   with the objective of simplifying the design task. 
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23. 

24. 
thru 
30. 

31. 

While analy/.in^ CII-47A operational dataj   scseral (leficicncifs 
were idcntificrl  in the data acquisition and analysis process.     The de- 
ficiencies can be  overcome in future field  sur\ey work by cooperative 
advanced planning between the cogni/.ant Ai-n.y cmency,   the helicopter 
manufacturer,   and the contractor responsible  for data, acquisition 
and analysis. 

OH-6A DESIGN AND OPERATIONAL FUGTIT  LOADS STUDY,   Hughes 
Helicopters.   Culver City,   Caliturnia,   USAAMRDLTH  7-'.-21,   F.'uslis 
Directorate,   U.   S.   Army Air Mobility  Kesi-aril. and Development 
Laboratory,   Fort  Eustis,   Viryinia,   Jaiuiat'\   i'J7-l,   .■W^'il^HM. 

A study has been conducted by Hughes Helicopters to analyze 
and correlate OH-6A heliconter enuineeriiiL; ti(;si'jn criteria and actual 
operational flight loaid data recorded in South-east Asia.     Based on the 
results of the  study,   recommendations are  made  for additions and 
changes to improve the   structural desimi criteria  for future  Army ob- 
servation type helicopters.    These  recommendations wert- based  on 
the results of four  steps.    First a mission profile was developed cor- 
responding to the  operational data.    Step two was  an evaluation of the 
effect of the derived  spectrum on the  fatigue  life  of main and tail rotor 
components.    Step three was an historical   synopsis and correlation 
of OH-6A design changes and changes in mission assignment.     Step 
four was a comparison of maximum and minimum one-time occur- 
rences of selected parameters between the  operational data,   design 
criteria,   and values measured during engineering development tests. 

Not available. 

Porterfield,   John S. ,   and Maloney,    Paul   F.,   EVALUATION OF 
HELICOPTER FLIGHT SFFCTRUM DATA,   Laman Corp., 
USAAVLABS TR 68-68,   U.   S,   Army Aviation   Xiateriel   Laboratories, 
Fort Eustis,   Virginia,   October  1'•(■',   AD hh'iii ■-.;;, 

This report evaluates helicopter flight  spectrum data pie- 
viously recorded and published in other reports,   with emphasis on 
the UH-1B utility,   CH-47A cargo,   and CH-54A 'oad-liftiny helicop- 
ters as used in the Army environment.     A  Firrimd  statistical analysis 
of the data is presented for those  parameters  ; T which sufficient 
data wore  available.     The  report  includes  a  con parison ol  the  flight- 
measured data with the spectrum appearing  in Appendix A oi Civil 
Aeronautics Manual 6,   and with the assumed  fatiiiue  substantiation 
spectrum,   where this was available.     Discussion and evaluation ol 
the  spectrum variations that do occur,   particularly as they might 
affect component fatigue lives,   art: also included. 
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A method  for deriving an operational  spectrum for the classes 
of helicopters evaluated is presented along with discussion of some 
of the  considerations  and Judgment which play  a part in the establish- 
ment of a rational,  conservative spectrum for the critical components. 

M.        Porterfield,   John  D. ,   et al,   THt: CORR ELATION AND EVALUATION 
OF AH-1CL   CIi-b4A,   AND OH-6A FLIGHT SPECTRA DATA FROM 
SOUTHEAST ASIA OPERATIONS.  Kaman Corp.,  USAAMRDL TR 72-56, 
Eustis  Directoratej   U.S.   Army Air  Mobility Research and Develop- 
ment  Laboratory,   Fort Eustis,   Virginia,   Octobe -   P'TZ,   AD 755554. 

This   report evaluates the flight  spectra data for three vastly 
different types of helicopters flown under combat conditions in 
Southeast Asia:    the AII-1G,   a high-speed gunship; the CH-54A,   a 
heavy-lift helicopter;  and the  OH-6A,   a  light,   highly  maneuverable 
observation helicopter.     The  flight spectra data for these three  ships 
were  compared to one  another,   to flight  spectra data obtained from 
other helicopters,   and  to the  spectrum  shown in Appendix A of Civil 
Aeronautics Manual 6.     The  relationship to empirical  fatigue sub- 
stantiation  spectra user! to establish component  service  lives for 
these three helicopters is also shown.     Evaluations and correlations 
of these spectra are  presented: where variations occur,   their prob- 
able  cause  and  possible' effects on fatigue  life  are  discussed. 

33. Graham, G. L. , COMBAT OPERATION A L F LIGHT PROFILES ON 
THE UH-1C, AH-IG, AND UH-1H HELICOPTERS, Bell Helicopter 
Co., Fort Worth, Texas, presented at 26th Annual National P'orum 
of AHS,   June   1"70. 

In   1%5 a prototype  recorder was developed  and  evaluated  in 
support of a program to obtain data concerning the operational usage 
of each type of Bell Huey helicopter currently deployed in Vietnam. 
As a result,   in July of lf'67 nine recorders were fabricated and 
shipped to South  Vietnam for installation in combat assault aircraft. 
This paper presents the  results of the data obtained from this pro- 
gram,   and compares operational flight spectrums with the predicted 
frequency of occurrence   spectrum. 

34. Peckham,   C.   G. ,   et al,   A STRUCTURAL FLIGHT LOADS R ECORD- 
ING PROGRAM ON CIVIL TRANSPORT HELICOPTERS,   Technology 
Incorporated,   Federal Aviation Agency Technical Report 
FAA-ADS-7",   July  1%6. 
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A flight loads program on a transport helicopter was conducted 
using a Boeing-Vertol  107-11 helicopter operated by New York 
Airways.    The following parameters were measured:    airspeed, 
altitude,   vertical load factor,   pitch  rate,   rotor rpm,   and two engine 
torques.    Calculations based on the measured parameters  included 
the running gross weight and rate of climb.    The data were grouped 
into mission segments of takeoff and ascent;   cruise,   descent,   flare 
and landing,   and hover.    After the best method of data presentation 
was determined,   the data were sorted by parameter  ranges.    The 
primary presentation is  in the form of bivariate and trivariate tables 
showing the time spent in each data range.    Some of the more sig- 
nificant data effects are  presented as histograms.     The vertical load 
factor and pitch  rate data are presented as  excecdance and proba- 
bility cu rves. 

35.       Gicsslcr,   F.   J.,   and Braun,   J.   F.,   A  HELICOPTER STRUCTURAL 
FLIGHT LOADS RECORDING  PROGRAM,   Technology Incorporated, 
Federal Aviation Agency Technical Report FAA-ADS-B9.   December 
1966. 

A flight loads program was conducted on a Sikorsky S61N trans- 
port helicopter operated by San Francisco-Oakland Helicopter Air- 
lines,   Inc.    The following parameters were measured:    airspeed, 
altitude,   longitudinal cyclic  stick position,   collective  stick position, 
two engine torques,   normal acceleration at center of gravity,   yaw 
angular rate,   pitch angular rate,   and rpm.    The  rate of climb, 
thrust coefficient,   and tip speed ratio were calculated from the 
measured parameters.     The data were grouped into flight segments 
of takeoff and ascent;   cruise;   descent,   flare and landing;   and hover. 
The data were sorted by parameter  ranges and are presented as 
bivariate and trivariate tables showing the time spent in each data 
range.    Histograms present some of the more significant aspects of 
the data,   and excecdance and probability curves depict the vertical 
load factor and the pitch and yaw rates. 
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V'.utsvM-.,   W.   R.,   Jr.,    l.t.   (■.)!.,   auf! Dunham,   J.   K. ,    Lt.   Col., 
ir::si'.\'.:; oi-' r.\iTi;i) STATICS AI: MY MKJJCOPTBH IN VIETNAM, 
Paper No.   2 ■> I  of the  24th Annual National   Forum of the AHS, 
May   1 "bH. 

This paper addresses the following two aspects of helicopter 
operations in  Vietnam: 

1'ART I 

A broad description of the different types of missions being 
flown with soniL- data depicting the scope of the  mission,   frequency 
■if occurrence,   loads transported,   distances involved,   time of day 
performed,   command and  control techniques,   and other information 
that assists  in portrayinu the helicopters'  usage  in the total force 
effort. 

PART II 

Since most of the helicopters used in Vietnam were not designed 
to perform specific missions demanded by the Southeast Asia environ- 
ment,   recommended changes in characteristics and features in the 
next generation of aircraft from an operational,   safety and maintain- 
ability viewpoint are described.     Kxamples of changes are  stated 
and  suggested design criteria discussed. 

Shadrick, U. W., l.t. Col., et al, INTEGRATED OPERATIONS OF 
MARINE CORPS LIGHT, MEDIUM, AND HEA V Y HE LICOPTERS IN 
VIETNAM, Paper No. 2^2 of the 24th Annual National Forum of the 
AHS,   May  L%H. 

The objective of this paper is to present an image of the tacti- 
cal use of helicopters by the  Marine Corps during operations in the 
Republic of Vietnam.     Emphasis is placed on the combat assault.    In 
addition,   the decision by the  Marine Corps to arm helicopters and 
some future implications are covered. 
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:H.       Brown,   W.   P.,   and Roeser.   1-..   P.,   COM K-XKISOX OF I1K1.1CO!'- 
TER  COMBAT ENVIRONMENTS TO S ['RL'C IT R A 1. C:R 1TERIA 
REQUIREMENTS,   Boeinq-Vertol,   X.iral  Air  Dc/clonii, mt  CfiUcr, 
presented at the Z^th Annual  National  Form  of the  AUS,   May   l"t-f). 

The extended use of helicopters in unforeseen otn'uat opera- 
tions has amplified the need for flight rerorrier nro^ ram s to rieter- 
mine the ran^c of mission profiles.     These conditions  in many cases 
may depart significantly from the  spectra considered in the original 
design and development of the aircraft. 

A flight recorder program was initiated to determine the oper- 
ating environments of four  instrumented 011-460  Sea  Knisdit helicop- 
ters.     These aircraft have  seen extensive combat use by U. S.   Marines 
in South Vietnam.     In addition,   flight loads were measured in criti- 
cal linkages to evaluate the  structural fatigue capabilities of the 
CH-46. 

Analysis of the flight recorder data and comparison with cur- 
rent fatigue design profiles  show that the aircraft design criteria are 
adequately and necessarily conservative.     It is pointed out,   however, 
that the measurements reflect only a small  sample of data.     Addi- 
tional operational flight load  strain survey programs are encouraged. 
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